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СНАРТЕЕ І 
INTRODUCTION 


PURPOSE OF THIS STUDY 
НЕ purpose of this factorial investigation can be described in re- 
| lation to the factorial studies that we һауе made in the past few 
years. The first large study involved fifty-six psychological 
tests that were given to a population of volunteer subjects among col- 
lege students. That study revealed a number of primary abilities, some 
of which were clearly defined by the configuration of test vectors, while 
others were indicated by the configuration but less sharply outlined. 
All these factors have been studied in subsequent test batteries in which 
each primary factor has been represented by new tests specially de- 
signed to feature the primary factors in the purest possible form. The 
object has been, of course, to construct tests that are heavily saturated 
with one primary factor and in which the secondary factors are mini- 
mized. This is the purification of tests by reducing their complexity. 
The complexity of a test is the number of primaries that are significant- 
ly involved in it. 

From the beginning of our work in this field we have frequently 
raised the question whether the primary factors could be isolated and 
appraised for younger subjects. In order to contribute to this problem 
and to investigate further the nature of the primary mental abilities, 
we have made several studies on Chicago high-school Seniors. One of 
these studies was made at the Lane Technical High School with new 
tests intended to identify the perceptual speed factor. That factor 
appeared again in the new test battery, but its psychological nature was 
not satisfactorily determined. Another study was made at the Hyde 
Park High School, with special interest in a new set of tests for induc- 
tion. The inductive factor was again identified in the old and in the new 
tests that were specially constructed for this factor, but the tests for 
induction did not have so high a validity as the tests for the more defi- 
nitely identified primary factors. 

An experimental edition of tests for seven primary mental abilities 
was made available in response to a rather general interest in the prob- 
lem of isolating mental abilities. We made the stipulation that these 
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tests were not to be distributed as service tests, since they were experi- 
mental, and the first edition of the test forms was so designated. А num- 
ber of improvements have been made in some of the tests since the ex- 
perimental edition was printed, so that the first edition will soon be re- 
К present study was arranged to determine whether primary men- 
tal abilities could be identified among younger subjects—in this case, 
eighth-grade children—and also to determine whether our original in- 
terpretation of the word-fluency factor W could be sustained. For this 
purpose we devised a number of new tests which were thought to be 
well saturated with this factor, and it will be seen in th 
analysis that our first interpretation of this factor is well 
the findings. 


е subsequent 
supported by 


RECENT RESEARCH ON THE PRIMARY MENTAL ABILITIES 

We shall review here the present status of each of the primary mental 
abilities that have been isolated by multiple-factor studies of large test 
batteries. It should be stated at the outset that we claim no priority 
ties, which have long been 
olated factorially in the con- 
ample is the verbal factor V 
of the fact that psychologists 
тра] intelligence as one of the 
f individual differences. 
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children the test might appraise the verbal factor V, whereas, in the 
population of college graduates the test might appraise some perceptual 
speed factor, or some other nonverbal factor, since it could be supposed 
that all 01 the older subjects would know the words that are differentiat- 
ing for the children. A psychological test does not have a fixed factorial 
composition; the factorial composition is, of course, dependent on the 
subjects. This is another way of stating the familiar principle that the 
validity of a test is not a fixed attribute of the test. Tt is а function of 
the criterion (the factors) and the population for which it is intended. 

The word-fluency factor W is also one of the most clearly defined 
primary mental abilities. It is involved whenever the subject is asked to 
think of isolated words at a rapid rate. It is for this reason that we have 
called it а ‘‘word-fluency factor." It can be expected in such tests as 
anagrams; rhyming; producing words with a given initial letter, prefix, 
or suffix; or writing words in a given category, as boys' names or things 
to eat and drink. Any task in which the verbally fluent person has an 
advantage should involve this factor, which is clearly distinct from the 
verbal-comprehension factor. These two verbal factors are, however, 
correlated. Whether the correlation is in some way intrinsic is a ques- 
tion that cannot yet be answered. It may be that we do not yet have 
any tests in which one of these factors is present while the other is ab- 
sent, or it may be due to the existence of two associated but distinct 
parameters in the processes involved in verbal intelligence. Tests of the 
sort that we have found for this factor have also been used by some in- 
vestigators as tests of temperamental qualities. It is not unlikely that 
the word-fluency factor is indicative of some temperamental traits in 
addition to its cognitive implications. If such double interpretations 
can be sustained, they will serve to break down the conventional dif- 
ferentiation between intellectual and temperamental parameters, which 
are probably much more interwoven than we have supposed. 

One of the most interesting findings in the present study is the dis- 
tinction between the verbal-comprehension factor V and the word- 
fluency factor W, which can be illustrated by two of the tests in the pres- 
ent battery. Both of these tests involved synonyms, but the test pro- 
cedures were different. One of these tests, Vocabulary (45), was an 
ordinary recognition form of vocabulary test in which the subject mere- 
ly checked the response word which had the same meaning as the given 
stimulus word. This test had high saturation (.68) on the verbal-com- 
prehension factor, which accounts for half of the variance of the test. 
Its saturation on the word-fluency factor vanishes (.015). This is as we 
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should expect, because the response words are printed in the test so 
that the subject needs only to check the correct word. _The test in- 
volves the understanding of the given words, but the subject is not re- 
quired to supply words. In order to feature the word-fluency factor, we 
included a free-recall form of synonyms test. The test gives a list of 
common adjectives which are easily understood by all of the subjects. 
They were asked to write three synonyms for each given word. Here it 
was not a question of whether the subjects understood the given words, 
since they were all ordinary adjectives. The task was to supply quickly 
three synonyms for each given word. This test had a high saturation 
(.51) on the word-fluency factor W, but its saturation on the verbal- 
comprehension factor V vanished (—.005). It should be noted that 
both of these tests called for synonyms; they differed in that one of the 
tests was given in recognition form while the other test was given in re- 
call form with simpler words. A third test, Same or Opposite (51), gave 
a similar result. It was given in the recognition form with words of 
some degree of difficulty and, hence, involved the verbal-comprehen- 
sion factor (.62), but its saturation on the word-fluency factor vanished 
(.08). 
Тһе space factor S is another of the clearly defined primary mental 
abilities. It seems to be involved in any task in which the subject ma- 
nipulates an object imaginally in two or in three dimensions. This abil- 
ity is involved in many mechanical tasks and in the understanding of 
mechanical drawings, often called the "reading of blueprints.” Such 
material cannot be used generally in psychological tests intended for 
schools because mechanical drawing and related arts involve training 
in particular drafting conventions and in conventionalized forms. We 
have, therefore, tried to incorporate the imaginal manipulation of ob- 
jects in tasks that are so simple and easily comprehended that anyone 
without training in the mechanic arts will at least understand what he is 
expected to do. The best tests for this factor are those we have called 
“Cards,” “Figures,” and “Flags,” which all involve the manipulation 
of a simple object in two or three dimensions. This factor should also 
be involved in such subjects as descriptive geometry and in solid geom- 
etry, but we have not yet investigated this possibility experimentally, 
It is known that some students of descriptive geometry find the sub- 
ject very easy, so that they need not consult their textbooks after they 
once understand the general plan for solving a problem in shades and 
shadows, for example, while other students ha 


; i6 ve great difficulty in 
visualizing such problems and are dependent on the routine textbook 
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solutions. According to our interpretation, these individual differences 
should involve the space factor S to a marked degree. This hypothesis 
should be investigated experimentally. 

Another primary factor that is clearly defined is the number factor 
М. It is involved in simple arithmetical tasks. This factor can be ex- 
pected in any test in which the subject actually does simple arithmeti- 
cal work, but it is not found in a test simply because it contains num- 
bers. A simple cancellation test with numbers probably will not involve 
the number factor; but if the subject is asked to check every number 
that is larger than the adjacent numbers, this factor can be expected. 
Arithmetical reasoning tests with statement problems have been found 
to involve the number factor to some degree, as well as other factors, 
such as the verbal and the inductive. The best tests for the number 
factor are the simple numerical tasks. Two of the number tests have as 
high validity as the tests for the two verbal factors and the space fac- 
tor, and the simple number tasks have been consistent in revealing the 
number factor in all studies in which such tests have been included. 
Further work remains to be done in determining the nature of the proc- 
esses that underlie numerical thinking. For example, quantitative 
thinking can be nonnumerical, and in some subjects it might possibly 
even be nonspatial, although that seems less probable. "Тһе existence 
of the number factor in any given task is rather easily predicted when- 
ever the subject is asked to do simple numerical work, but the psycho- 
logical nature of this primary factor is not so clear as the other pri- 
maries. The number factor can be appraised in psychological tests just 
as it is appraised in educational achievement tests, even though the 
fundamental nature of numerical thinking is not yet understood. 

The memorizing factor M is one of the clearly defined factors, al- 
though the tests for it do not have validities so high as the tests for the 
verbal and the space factors. The memorizing factor М is to be expect- 
ed in any test in which the subject profits by ability to memorize any- 
thing quickly. It is involved in rote memory for words, numbers, 
paired associates, and the memorizing of names. The factor transcends 
the immediate nature of the content; the same memory factor has been 
found in tests with verbal, numerical, and spatial content. This factor 
seems to be quite distinct from the other primary mental abilities in 
that the correlations between the memory factor and the other pri- 
maries have been found to be rather uniformly low. 

The memory factor has been found also with lower but probably sig- 
nificant saturations in some tests that were not designed as tests for 
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rote memory. In every such саве we have found that the subject was 
aided by the memorizing of notation or code that was involved in the 
test. For example, in the Classification test (9) the subject і5 asked to 
classify each name in a given list into one of four categories. By memor- 
izing the eight class limits he can proceed faster than by consulting the 
code for each name. А small component was found in the memory fac- 
tor. In Figure Naming (20) the subject is to designate each figure in 
the test into one of four categories. Again the memorizing of the nota- 
tion facilitates the performance. 

A large factorial study is now in progress involving twenty-four dif- 
ferent kinds of memory tests which were combined with tests for the 
other primaries. The analysis of the results has not been completed, 
but the indications are that several retentive primaries will be found in 
addition to the rote-memorizing factor that we have denoted M. For ex- 
ample, there seems to be indication that the memorizing of temporal 
Sequence, as in digit span, letter span, Knox cube, and serial-learning, 
involves a retentive ability that is different from the rote memorizing 
of paired associates. The factorial results of the large battery of mem- 
ory tests will be reported in a later publication 

The inductive factor I has been 


that the inductive factor has higher correlati 
general factor for the eighth- 
maries. 

The deductive factor D has been indicated in Several studies, but it 
has not always appeared where it might have been expected, This fac- 
tor should, therefore, be regarded as tentative and subject to reinter- 
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pretation if it can be found in clearer form in repeated studies. In re- 
vising the experimental test battery for the primary mental abilities 
we shall omit this factor because it has not been sustained in repeated 
Studies. Further study of the tests in which it has been indicated may 
give some new interpretation for the primary factors involved, which 
should be tested with specially designed tests. It seems clear now that 
our first interpretation of this factor was erroneous. 

Тһе perceptual-speed factor P has been one of the most troublesome 
of the primaries. Its existence has been clearly indicated, and it has 
appeared in all of the test batteries that have been analyzed so far. The 
difficulty with this factor is that we have not been able to locate clearly 
its bounding hyperplane. To do this, we must find tests which have 
practically zero saturation on the factor and others in which the satura- 
боп is appreciable. Another study of this factor is now being made with 
individual laboratory tests in an effort to identify it more clearly in the 
configuration of the test battery. The difficulty with the perceptual- 
speed factor may be due to our testing methods. The group tests with 
time-limit procedures may introduce the perceptual-speed factor in so 
many of the tests that we have no base from which to measure it, with 
few tests in which this factor is entirely absent. We feel reasonably sure 
that a primary factor exists that involves perception and speed, but 
our interpretations cannot be checked with assurance so long as the 
bounding plane for this primary factor is unstable. The experimental 
work now in progress may throw light on this factor. 

It will be seen from this brief review of the present status of our work 
on the primary mental abilities that six of them seem to be clearly de- 
fined, some better than others, and that two of them are not clearly de- 
fined. "These two factors are the deductive factor and the perceptual- 
speed factor. The primary mental abilities that we consider clearly in- 
dicated by repeated studies are: (1) the verbal-comprehension factor 
V, (2) the word-fluency factor W, (3) the space factor S, (4) the number 
factor N, (5) the memorizing factor M, and (6) the inductive or reason- 
ing factor 1, which has also been denoted R. The test validities are 
highest for the first three of these factors, namely, У, W, and S. Even 
though there is still some question about the nature of the inductive 
factor І, it seems worth while to include it in а practical test battery 
because of the fact that it has the highest correlation with the second- 
order general faetor, which may be the much debated “general-intel- 
lective factor" of Spearman. 
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DIFFERENTIAL DESCRIPTION OF MENTAL ENDOWMENT 
For many years psychologists have been accustomed to the problems 
of special abilities and disabilities. These are, in fact, the principal con- 
cern of school psychologists who deal with children who cannot read, 
with children who have a blind spot for numbers, or with children who 
do one thing remarkably well and other things poorly. It seems strange 
that, with all this experience in differential psychology, we have clung 
so long to the practice of summarizing a child’s mental endowment by a 
single index, such as the mental age, the intelligence quotient, the per- 
centile rank in general intelligence, and other single average measures. 
An average index of mental endowment should be useful for many edu- 
cational purposes, but it should not be regarded as more than the aver- 
age of several tests. Two children with the Same mental age can be en- 
tirely different persons, as is well known. There is nothing wrong about 
using a mental age or an intelligence quotient if it is understood as an 
average of several tests. The error that is f requently made is that the in- 
telligence quotient is sanctified by the assumption that it measures 
same basic functional unity, when it is known to be nothing more than 

а composite of many functional unities. 

The present investigation seems to 
composite measure of mental endo 
processes so that each child can be 


give justification for dividing the 
wment into separate functions or 
described by a mental 


. Each set of 
and there will be one com- 


ев. The tests for each pri- 
агу factor may be appraised 
independently of the others. The result is 


а profile for each child with 
six indices instead of one, but a single average index of mental endow- 


erage of the six measures on 
the profile. 

In presenting for general use a differ 
which appraises the mental endowm 
assumed that there is anything final 
knows how many primary mental 


ential psychological examination 
ent of children, it should not be 
about six primary factors, No one 
abilities there may be. We know 
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about one memory factor now, but several new memory factors may be 
found. The tests that are prepared for general use will be improved and 
extended to more factors as a result of further investigation, but we 
must be sure that new factors are not added simply because new fac- 
torial names can be added to the list. Every new factor that is added to 
the profile must be shown factorially to be distinct from the factors al- 
ready found and to be a functional unity with some Stability in repeated 
experiments. It should not be assumed that the primary mental abil- .- 
ities are elemental and indivisible. For example, the primary ability 
that has been called “verbal comprehension" is almost certainly not an 
indivisible element of any kind. But in a wide variety of psychological 
examinations it behaves as a functional unity that is strongly present in 
some tests and almost completely absent in many others. This is the funda- 
mental idea of a primary mental ability. 

Аз each new primary is isolated from the whole field of possible psy- 
chological examinations, the judgment must be made whether it is 
socially, vocationally, or educationally significant. If it is considered 
to be of some importance and usefulness, it should be added to the port- 
folio of the school psychologist. If it is considered to be of limited sig- 
nificance, it should not be included in general psychological examina- 
tions even though it may be of considerable theoretical and scientific 
interest. 

The psychological examination that is now being prepared for general 
use has been arranged from the material of the selected test battery that 
is described in the second part of this monograph. The general ex- 
amination will contain the tests listed in Table 1 of Chapter IIT, except 
for the three tests for the perceptual factor, which has not been stable 
enough to justify general use in mental profiles. In presenting this study 
and the general psychological examination which is to follow, the au- 
thors hope that future factorial studies will reveal many other impor- 
tant primary abilities, so that the mental profiles of students may even- 
tually be adequate for appraising their educational and vocational po- 
tentialities. In such a program the present study can be only a starting- 
point. Psychologists have been describing mental endowment by a 
single intelligence index, but we must work toward the differential de- 
scription of mental endowment with a profile of ever increasing funda- 
mental traits. 

The authors wish to acknowledge the contributions of an exceptional- 
ly competent staff of research assistants, including Mr. Ledyard R. 
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Tucker, who has been responsible for the factorial computations and 
who has developed new machine methods of factorial computing; Mrs. 
Katharine Van Steenberg, Mr. Willis C. Schaefer, Mr. Clyde H. 
Coombs, Mr. Harold P. Bechtoldt, and Mr. Albert L. Hunsicker, who 
assisted with examining and computing; Miss Dorothy C. Adkins and 
Miss Luzelle Denton, who took much responsibility in constructing and 
editing the psychological tests; and Miss Dorothy Case, for a large 
share of the editing of tests and manuscripts and the secretarial work of 
these projects. The University of Chicago Press has been generous with 
competent advice and assistance in the preparation of these studies for 
publieation. We appreciate especially the assistance of Miss Mary D. 
Alexander of the editorial staff. We wish to acknowledge the sustained 
financial assistance of the Social Science Research Committee of the 
University of Chicago on these factorial investigations. We are grateful, 
also, for a grant from the Carnegie Foundation of New York, which has 


enabled us to complete these studies in а, relatively short time. The 
Foundation does not, of course, 


the publications that issue from 


CONSTRUCTION OF THE TESTS 

Bearing in mind that the 
determine whether prim: 
dren at the fourteen- 
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battery was done by Dorothy С. Adkins, Luzelle Denton, and Thelma 
Gwinn Thurstone. 

When the tests had been designed and printed, they were given in a 
trial form to children in Grades УПА and УПТА in several schools for 
the purpose of determining appropriate time limits. Groups of from 
fifty to one hundred children in these two grades were used for the pur- 
pose of standardizing procedures and, especially, for setting time limits. 


ADMINISTRATION OF THE TESTS 


Fifteen Chieago elementary schools were selected by Miss Minnie L. 
Fallon, assistant superintendent in charge of elementary education, 
and by Dr. Grace E. Munson, director of the Bureau of Child Study. 


Table 1 
No. of 
Children 
School Tested Principal Adjustment Teacher 
Altgeld 89 George White Bernice M. Grannon 
Gage Park 80 Аппа В. Van Nice Margaret Shevlin 
Gallistel 77 C.H. Dowman Eileen Leach 
Hookway 46 MargieC. E. Doyle Thelma S. Hicks 
Kozminski 85 Mary D. Mulroy Mary C. Minnahan 
Lewis-Champlin 91 Аппа В. Jordan Berenice McDermott 
Mann 93 Gretta M. Brown Julia Berger 
McKay 73 Mary R. Hanlon Marguerite B. Flynn 
Oglesby 86 Harry Е. Yates Harriet E. Wall 
Parkside 88 Julia McInerney Esther Nelson 
Ray 75 Ray A. Bixler Reba Hilburn 
Scott 78 Ruth L. Whitaker Helen R. Israel 
Wadsworth 68 Mary Г. Patrick Etta Kew 
Warren 35 Marie A. McCahey Margaret Carey 
West Pullman 90 William H. Spurgin Mabel Daniels 
1,154 


At a meeting of the principals of these schools and the district superin- 
tendents, the purpose and the plan of the study were explained. This 
study could not have been completed without the genuine interest and 
assistance of these principals, who co-operated in revising class sched- 
ules and arranging for the tests. Table 1 lists the schools at which the 
tests were given, together with the names of the principals and adjust- 
ment teachers. We have also recorded the number of children in each 
School who took the tests. 

Тһе tests in the main investigation were administered in the schools 
by the adjustment teachers. These adjustment teachers had had spe- 
cial training in testing procedures by the Bureau of Child Study and 
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Table 2 
Schedule of Sixty Tests 


I. Monday, November 28: 


II. Tuesday, November 29: 


III. Wednesday, November 30: 


IV. Thursday, December 1: 


V. Friday, December 2: 


VI. Monday, December 5: 


VII. Tuesday, December 6: 


УШ. Wednesday, December 7: 


Identical Pictures 
Four-Letter Words 
Multiplication 
Pursuit 

Proverbs 
Association 


Dot Counting IT 
First and Last Letters 
Absurdities 

Verbal Enumeration 
Addition 

Word Checking 


Dot Counting III 
Suffixes 
Scattered X’s 
Classification 
Directions 

Mazes 


Identical Numbers 
Prefixes 
Three-Higher 
ABC 

Pedigrees 
Anagrams 


High Number 
Number Patterns 
Geometrical Forms 
Dot Counting I 
Letter Series 


Picture Naming 
Figures 

Secret Writing 
First Names 


Dot Patterns 
Rhyming Words 
Flags 

Incomplete Words 
Word-Number Recall 


Completion 
Arithmetic 

Cards 

Backward Writing 
Letter Grouping 
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Table 2—Continued 
IX. Thursday, December 8: First Letters 
Figure Naming 
Word Puzzles 
Figure Recognition 
Same or Opposite 
Reasoning 


X. Friday, December 9: Faces 

Synonyms 

Disarranged Sentences 

Figure Grouping 

Reading 
Vocabulary—pages 3 and 4 
Sentences—pages 5 and 6 
Paragraphs—pages 13, 14, and 15 
Paragraphs—pages 18 and 19 

XI. Paragraph Recall 
Digit Span 


had also had considerable experience in giving psychological and educa- 
tional tests. Special instructions in the procedures for these tests were 
given to the adjustment teachers, who were also furnished written in- 
structions for each day's testing program. 

Eleven hundred and fifty-four children participated in this study. 
The complete battery of sixty tests was given in eleven one-hour ses- 
sions to the VIIIB sections in each school. In Table 2 we have listed the 
tests that were given at each of the eleven sessions with the date of each 
Session. 


СНАРТЕВ П 
FACTORIAL ANALYSIS OF THE SIXTY TESTS 


THE STATISTICAL PROCEDURES 


LL the tests were scored for the number of right responses and 
А for the number of wrong responses. The scoring was independ- 
ently checked. Frequency distributions were made for each 
School, and these were combined into a total frequency distribution for 
the whole population of 1,154 for all schools. A separate report was 
given to each school, containing the test scores of each child, a summary 
of his scores in eight groups of tests, and explanatory notes about the 
nature of the tests. This work was done by clerks assigned from the 
Works Progress Administration. We wish to express our appreciation 

to the Chicago public schools for arranging for this assistance, 
In addition to the sixty tests, we added three variables: chr 


onological 
age, mental age, and sex. The latter test 


data were available in school 

Kuhlmann-Anderson tests, 
which had been given previously to the same children. Therefore, the 
d sixty-three variables. "Тһе 
in Table 1. 


sisted of 1,154 eighth-grade 
assembled, it was found that 
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Table 1 
The Batiery of Sixiy-three Variables 
Тіме Ілмітв Тіме Ілмітв 
(МіхотеЗ) (Minutes) 
Copp каше == Cope —— 
Test Score Test Бсове 
nes Fore-| Test si Fore- | Test 
exer- | Proper exer- | Proper 
cise cise 
ABC 10 5 2R-W Letter Grouping 7 3 3R-W 
Absurdities 3 3 R-W Letter Series 8 6 R 
Addition 3 6 R-W Mazes I 3 3 R 
Anagrams 3 5 [8 мап. || бу 5 [8 
Arithmetic 5 7 4R-W Multiplication 2 5 R-W 
Association — 3 4 [в Number Patterns 7 5 |R 
Backward Writing Paragraph Recall .| Read | В 
(Mirror Reading) 4 4 3R-W 0 twice 
‘ards 6 6 R-W Pedigrees о. 3 R 
Classification 5 4 3R-W Picture Naming 4 R 
Completion 5 5 4R-W Prefixes 4 R 
Digit Span ..| Тре | В 6 4R-W 
sec. i 3 | R-W 
Directions 5 3 R Reading: Уос.-рр.|...... 4 4R-W 
Disarranged Sen- 3,4 
tences 3 3 R Reading: Sen.—pp. |...... 4 4R-W 
Dot Counting I 3 5 R ‚б 
Dot Counting II 4 6 R Reading: Par.—pp. |...... 6 4R-W 
Dot Counting III 3 6 R 13-15 
Dot Patterns 3 4 3R-W Reading: Par.—pp. [...... 6 R-W 
Faces 2 з | 2R-w 18, 19 
Figure Grouping 3 3 4R-W Reasoning 3 5 R-W 
Figure Naming | 2 1 R Rhyming Words 3 5 Ry* 
Figure Recognition |3-24| 4 | R-W Same or Opposite 2 | 4 [зж 
Figures 7| 7 | RW Scattered X's з | 5 |R 
First and Last Let- Secret Writing 12 5 2R-W 
ters 3 5 R Suffixes 3 4 R 
First Letters 2 4 R Боруа 3 7 Куж 
First Names 3-2-7| 5 |R hree-Higher 4 [5 |а 
Flags 5 3 R-W Verbal Enumeration} 4 7 
Four-Letter Words 3 4 R Word RT 3 3 R-W 
Geometrical Forms 3 3 R Word-Number Recall| 3-2-6 5 R 
High Number 4, 5 R-W Word Puzzles 3 8 к 
Identical Numbers 3 4 R Age 5 
Identical Pictures 3 6 R-W Sex 
Incomplete Words 5 5 R Mental Age 


ж Rhyming Words was scored by the weighted sum of acceptable responses. Each response in the first two 
columns was given a weight of 1; each response in the third and fourth columns, a weight of 2. б 

Synonyms was also scored аз a weighted sum. Each response in the first column was given unit weight; each 
response in the second column, a weight of 2; and each response in the third column, a weight of 3. 

In both of these tests the examiners were asked to be generous in accepting responses. 


Table 2 
Distribution of Tenth-Factor Residuals 


From To 7 From To 7 
qui .12 1 273 
.10 EIL 1 355 

09 .10 0 364 
08 .09 2 285 
07 .08 3 186 
06 .07 12 103 
05 .06 12 48 
04 .05 33 12 
03 .04 90 3 
02 .03 165 5 
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à i ixty-three variables there were 
fficients were computed. With sixty-t у 1 
1953 Pearson correlation coefficients. They are given in Table 1 of the 
? 
Appendix. \ 
The correlation matrix of Table 1 was factored by the centroid meth- 
od on the tabulating machines by means of punched cards. The cen- 
troid matrix with ten factors is shown in Table 2 of the Appendix. This 


400 


200 


ie таю Ole а we‏ ב 
Frequency Distribution of Residuals‏ 


Кіасве 1 


table also contains a list of the communali 
vary considerably. For example, Digit S 
common with the rest of the battery, 
has a large part of its variance in co 
The tenth-factor residuals are shown 
Figure 1. It may be seen from the fr 
that there is only a small proportion of residuals greater than .03. 
Successive rotations were made by 


the method of extended vectors, 
The diagrams for determining the rotations were obtained on a printing 


ties, which may be seen to 
pan (11) has very little in 
while Reading Vocabulary (45) 
mmon with the rest of the tests. 
in Table 2 of this chapter and in 
equency distribution of residuals 
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tabulator from punched cards. This procedure reduces very consider- 
ably the computational labor involved in each rotation. The result of 
eighteen successive rotational approximations to simple structure gave 
the rotated oblique factorial matrix V shown in Table 8 of the Appendix. 
Тһе transformation from the centroid matrix to the rotated matrix V is 
given by the matrix A of Table 3. The columns of А are the direction 


Table 8 


Transformation Matriz A 


N т 8 Р У М E Xi X: Xs 


.| -105| .202] .165] .223| .252] .134| .184| .132] .080] .187 
一 .163| .322| 一 .382| 一 .130| .365|—.103| .054| 一 .320| 一 .212| .237 
.025| 一 .555| .348| 一 .175| .407| .013| .135| 一 .222| .175| 一 .062 

一 .338| .638| .359| .007| 一 .262 

.|-.889|-.200|-.109| .185| .485 

-364| .197| .148| 一 .578| .070 

.717| 一 .082| 一 .081| .294|—.285| 

.161| 一 .175| .387| .545| .281|—. . 6 J 

.107| .137|—.292|—.087| .263| .659|—.324|—.118| .596| 一 .193 

.106| 一 .075| 一 .550| .379| .316| 一 .494| .203| .133| 一 .209| 一 .710 


FELET 
№ 
E 
x 
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Е 
е 
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Table 4 


The Matriz А'А Showing Cosines of Angular Separations 
of the Reference Vectors of А 


N т 5 P У M 21 ха Ха Ха 
а а 
.192 á 1 ia эд [осе P AA 98 кара beh Ў 
.022| 一 . «ОО нее ss mne РВ 

.085|- . LO oaas Ж 

195|-- . ЕЕЕ РЕС ЕВ 

2013| 一 . .186| 一 .033| .999| 

.051|- . .065|— .288|— .058 E 

.052|— . .372 .161|- .091|- . 4 БЕА ч 
.112| 一 . .116| .082 .260|- . 。 LOON -> a 
«Ш ==. -118| 116 .124| 一 . E .175| 1.000 


cosines of the reference vectors which define the bounding hyperplanes. 
'The angular separations between the reference vectors are shown in the 
matrix А/А of Table 4. 

In order to facilitate the interpretation of the primary factors re- 
vealed in the simple structure of Table 3 of the Appendiz, the tests have 
been rearranged in Table 5. Table 8 gives the factorial composition of 
the tests arranged according to code number, which was also the alpha- 
betical order by name of test. It shows the projection of each test vec- 
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Table 5— Continued 


Factor P: 
30. Identical Numbers..| .22 
7. Mirror Reading ....|..... 
31. Identical Pictures. 


32. Incomplete Wor 
52. Scattered X's 
19. Figure Grouping....|..... 


Factor Xi: 
14. Dot Counting I .... 
16. Dot Counting III . . 
15. Dot Counting II . ..|.. 
17. Dot Patterns....... 
1. АВ 


86. Магез П 
44. Pursuit............ 
28. Geometrical Forms. 


Factor Хз: 
57. Verbal Enumeration]... f... 388: | 25 | מש‎ 251 || .48 
58. Word Checking. ... ә ЭМ MC 
41. Picture Naming . 
20. Figure Матіпе....].....[.....]....- 


tor on each of the ten reference vectors. In Table 5 the same data have 
been rearranged so that the tests are in groups according to the factor 
of maximum saturation. For example, the first group of tests in T'able 5 
shows all of the tests which have their maximum saturation in the first 
column of the factor matrix V. The entries in Table 5 are recorded to 
two decimals, since that is sufficient for inspectional purposes and inter- 
pretation; and the small values in the matrix V have been omitted to 
avoid confusion in the interpretation. АП projections smaller than .20 
were omitted from this table. It will be recalled that a projection of .20 
means only 4 per cent of the total variance of a test. This dividing-line 
is arbitrary, but it has been found useful. Different dividing-lines can 
be used with the data of T'able 3, which shows all of the projections. 


INTERPRETATION OF THE FACTORS 

Inspection of the first group of tests in Table 5 shows the same tests 
which have previously been associated in the identification of the num- 
ber factor М. All the tests in this group are numerical except Reasoning 
(49), whieh contains only syllogisms involving quantitative compari- 
sons. Since there is a low saturation of .26 for the Reasoning test on the 
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factor N, one might raise а, psychological question concerning the num- 
ber factor and its possible relation to nonnumerical quantitative com- 
parisons. 

Тһе arithmetical reasoning test (5) has repeatedly shown a verbal 
component. This is not surprising in view of the fact that the test is 
composed entirely of statement problems. There is also indication of а 
slight inductive component in this test. This component in arithmetical 
vious factorial studies 5 it probably de- 
of the arithmetical problems and on the 


saturations on the secondary 

factors. Such improvement should increase the Saturation on the fac- 
tor which is to be featured by the test. 
There are ten tests which h. i 


FACTORIAL ANALYSIS OF THE SIXTY TESTS 21 


feature its postulated characteristics so that it may be added eventually 
to the list of known cognitive factors. The evidence here presented 
merely indicates the presence of a third verbal factor whose nature can 
only be surmised in terms of the tests which contain it and the tests 
from which it is absent. The authors will be grateful for suggested in- 
terpretations of the new verbal factor. 

In previous studies we have called attention to the fact that the word- 
fluency factor W may be responsible for the strange lapses in amnesic 
aphasia. Further study should be made of this factor with aphasic pa- 
tients. 

The next column of Table 5 contains a group of four tests whose 
highest saturations are on the space factor S. The factor is identified by 
three tests which have been found previously to be heavily saturated 
with this factor. They are Cards (8), Figures (22), and Flags (26). The 
test High Numbers (29), requires that the subject mark every number 
which is higher than the adjacent numbers іп the row. This test has a 
low saturation on the number factor, which is not surprising, and a low 
saturation on the space factor. If the latter is significant, it might indi- 
cate that the children used visual imagery in judging the relative magni- 
tudes of the numbers. Both of these saturations are low, so that they 
are only suggestive. It is significant that a test does not have a high 
saturation on the number factor simply because it contains a lot of 
numbers. Superficial inspection of a test often leads to erroneous fac- 
torial interpretation. It seems to be essential, and it seems also to be 
psychologically reasonable, that we must judge introspectively the psy- 
chological processes that are involved in the principal task of a test. То 
do column addition or multiplication involves the number factor, but 
to judge which numbers in a row are larger than the adjacent ones seems 
to involve relatively little of this factor, as far as we can judge by these 
findings. Factorial results of this kind should eventually throw light on 
the nature of psychological processes. The space factor has been found 
repeatedly, and its general nature seems to be sufficiently evident so 
that we can make fairly dependable predictions as to which tests are 
going to be heavily saturated with it. The space factor is found in tests 
which require that the subject manipulate an object imaginally in two 
or three dimensions. It is quite distinct from perceptual processes which 
require only the perception of detail in a flat surface and which do not 
require the imaginal movement of an object in two or in three dimen- 
sions. The psychological question still remains whether the space factor 
is related somehow to kinesthetic imagery. 


Accessioned No. AGT... 
ыс 7 
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lumn contains a group of ten tests with maximum satura- 
аа о ЕА factor V: This factor has also been 
identified in previous studies, and its differentiation here from the word- 
factor W is very clear, since both of these factors are represented 
ave number of tests in the present battery. In fact, one of the 
е objectives in the present battery was to determine whether 
ве two verbal factors would separate clearly, as indicated by the 
revious interpretations. The whole study would be justified in this 
ung alone, since the separation between the two factors is very defi- 
nite. The third verbal factor Хз, whose nature is as yet unknown, is 
present to a lesser extent in many of the tests in both of the V and wW 
dpa test battery contained four memory tests which show maximum 
saturation on the memory factor M. None of these tests have high com- 
munalities. The Digit Span test differs from the other memory tests in 
that it requires the retention of a Sequence, and this may constitute a 
separate retentive factor. A large factorial study of mem 
been completed which may throw light on the existence 0 
tinct retentive factors in addition to the rote-memorizing factor which 
we have called M. Although Word-Number Recall (59) contains num- 
bers and words to be combined as paired associates, the test does not 
show saturation on either the number factor or the word factor. This 
finding agrees with our interpretation of these factors: that the rote 
memorizing of the pairs does not require numerical manipulation or 
the free flow of words. Since a test performance in rote memorizing 
depends very largely on the degree of interest and attention that can 
be obtained from the subjects, it may be more diffi 
tests with high saturations on the rote-m 


ory has just 
f several dis- 
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immediate nature of the content, and the same interpretation is appli- 
cable here. Mental age as determined by the Kuhlmann-Anderson 
tests had its only appreciable saturation on the inductive factor. Since 
the mental age obtained by any of the well-known tests represents 
necessarily a composite of abilities, we should not expect to find it with 
а high loading on any of the primary factors. Its variance can be ex- 
pected to spread over а number of abilities. "Тһе tests which Spearman 
has designed as the best measures of his general factor seem to be induc- 
tive in character. The loadings with chronological age are negative. 
'This is due to the fact that the brighter children reach the eighth grade 
Sooner, on the average, than the less gifted children. Within the eighth- 
grade population we find, therefore, a negative correlation between the 
chronological age and test performance. 

Тһеге are seven tests in the group whose highest loadings are in the 
perceptual factor P. The existence of the perceptual factor seems quite 
certain because it appears in all the test batteries, but we are not satis- 
fied with present attempts to interpret its nature. Individual experi- 
mental work in the laboratory may determine whether it is essentially 
the ability to find quickly the detail of visual perceptual material. This 
interpretation does seem to fit the tests which have appreciable satura- 
tion on the perceptual factor, but it may be only an approximation to 
a more satisfactory interpretation. 

'The next group of tests in Table 5 have their highest saturation on 
the factor which was here denoted X;, but we have no definite interpre- 
tation to propose for it. Three of the tests in the battery involved the 
counting of dots, which were arranged in different ways. In one of them 
(14) the dots were arranged in а row with frequent blank spaces that 
were intended to encourage grouping of the spots in counting them. The 
question was raised whether this performance would show a saturation 
on the number factor V, but such was not the case. In the second of the 
dot-counting tests (15), the spots were arranged irregularly in a square, 
and the subject was asked to count them quickly by any suitable group- 
ing, or singly, if he so preferred. In the third test of this set (16) the 
spots were arranged in groups of two, three, four, or five, and their 
spatial arrangement was varied. It was thought that the perception of 
the geometrical pattern might be perceived as symbolie of numerica] 
quantity by the children without explicit counting of each spot. АП 
these tests have a factor in common; but since the three dot-counting 
tests are practically isolated from the rest of the battery and without 
any saturation on the number factor, we have very little to Suggest the 
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ctor. It is, no doubt, the sort of function that would 
p bx in the specific variance of the tests if only one of these 
dot-counting tests had been included in the battery. The test A B С (1) 
was designed to represent a form of chain association which might be 
typical of the number tests. Тһе test did not show апу saturation on 
the number factor; however, it did Show some saturation in common 
with the dot-counting tests. Introspection shows а, similarity between 
the test called A B C and the dot-counting tests, but there is not enough 
evidence to indicate the nature of the factor. We have referred to the 
dot-counting group as a triplet, meaning a set of three tests that are 
very similar and, hence, not sufficiently diversified to indicate the 
unique character of the principal factor that they have in common. 
The next group contains four tests with principal saturation in the 
factor of column Х». The two highest loadin, 
(35) and (36). The two tests in this grou 
are Pursuit (44) and Geometrical Forms 
enough or sufficiently diversified in char. 
interpretation of the nature of this facto: ў 
the factor of column X; represents the visual pursuit that is evidently 
common to the four tests. Whether this is the correct interpretation 
could be determined by a separate experiment in which the pursuit 
characteristic might be incorporated in а variety of tasks. As far зара 
present battery is concerned, this factor is little more than а, doublet 
for the maze tests with a suggestion concerning the factor in the two 
other tests of this group. Note that all of the tests for Xo 
saturation on the space factor. 


gs are in the two maze tests, 
p which are less conspicuous 
(28). This group is not large 
acter to justify any confident 
r, but it may be surmised that 


have some 


A POSSIBLE SECOND-ORDER GENERAL FACTOR 

The correlations between the ten primary factors are shown in Table 
6. Our main interest centers on the seven primary factors that can be 
given interpretation and, especially, on the first six of these factors for 
which the interpretation is rather more definite, Among the high cor- 
relations we note that the number factor is correlated with the two ver- 
bal factors. The word-fluency factor has high correlation with the ver- 
bal-comprehension factor and with induc 


і tion. The space factor has 
some association with the verbal-comprehension factor and with in- 


duction. The rote-memory factor seems to be independent of the other 
factors. These correlations are higher than the correlations ая 


primary factors for adults. кор 
Because of the psychological interest іп the correlationg of the pri- 
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mary mental abilities, we have made a separate analysis of the corre- 
lations for those factors which seem to have reasonably certain inter- 


Table 6 
Matriz Rp Showing the Correlations of Primary Abilities 


N т 5 Р Y M 1 Xi Xs Хз 


4 Р К 1.000].... srerscerace | > וה‎ ай | знае айк мае мар 
34 .422] .380- .061| 1. Ar а ere rd Ses 
.028| .130] .080] .237 x 1000 жағынын שו‎ | БЕ 
.237| .318] .426] .170] .422 .103| 1.000]...... TM ана 
вар .058|  .227|  .191 -480|- .055 „МО „ЖО 1.000 Іс 

.|- .165|— .019| .118] .197|— .102|- .184| .066| .178| 1.000]..... 
.225| .1021- .234|— .106|- .031|— .080| .138| .096|- .181|1.000 


Table 7 
Correlational Matriz for Six Primary Abilities 


1103 | 1:000 
бабы а .399 | .615 | .502 | .715 | .143| .630 


* Second-order general factor. 


Table 8 
Residuals for Second-Order General Factor in Table 7 


N т 5 У М І 
2 ана анне | 
75088 | 748 |,» 
—.018 | 
042 — .024 | .0 


— 069 | .110 | — 028 | 013 | .603- 


pretation. These correlations are shown separately in Table 7. If these 
six primary mental abilities are correlated because of some general in- 
tellective factor, then the rank of the correlation matrix of Table 7 


26 FACTORIAL STUDIES OF INTELLIGENCE 


should be 1. Upon further examination, this actually proves to be the 
case. In making the best-fitting single-factor interpretation for the cor- 
relations of the primary abilities, we have used one of Spearman's for- 
mulas.? The single factor loadings are shown in Table 7, and the resid- 
uals in Table 8. It will be seen that the residuals are quite small and 
that the single factor accounts for most of the correlations between the 
primary factors in Table 7. 

The single factor loadings show that the verbal factor has the 
highest loading and the rote-memory factor the lowest loading on the 
common general factor in the primary abilities. This general factor is 
what we have called a “second-order general factor." It makes its ap- 
pearance, not as a separate factor, but as a factor inherent in the pri- 
maries and their correlations. If further studies of the primary mental 
abilities of children should reveal this general factor, it will sustain 
Spearman’s contention that there exists a general intellective factor. 
Instead of depending on the averages or centroids of arbitrary test bat- 
teries for its determination, the present method should enable us to 
identify it uniquely. We have not been able to find in these data a gen- 
eral factor that is distinct from the primary factors, but the second- 
order general factor should be of as much psychological interest as the 
more frequently postulated, independent general factor of Spearman. 
Our findings seem to support Spearman’s claim for a general intellec- 
tive factor, but he has been so critical of our work on the primary men- 
tal abilities that it is uncertain whether he would accept our support for 
а, general intellective factor. We have not found any occasion to take 
sides as regards the existence of a general intellective factor. Our fac- 
torial methods are adequate for finding such a factor, either as a factor 


À : among primary abiliti i 
younger children will reveal, perhaps e $ ^ E ШП 


ven more strongly, a second-ord 
general factor. “р | 
2 See L. L. Thurstone, The Vect i і : 1 В à 
NS €ctors of Mind (Chicago: University of Chicago Press, 1935), 


СНАРТЕВ Ш 
FACTORIAL ANALYSIS OF THE TWENTY-ONE TESTS 


THE SELECTED BATTERY 


HE analysis of the larger battery of sixty tests revealed essen- 
tially the same set of primary factors which had been found in 
previous factorial studies. Six of the factors seem to have suffi- 
cient stability for the several age-levels that have been investigated 
to justify an extension of the tests for these factors into practical 
test work in the schools. In making this extension we have been 
obliged to consider carefully the difference between research on the 
nature of the primary factors and the construction of tests for 
practieal use. Several of the primary factors are not yet sufficiently 
clear as regards psychological interpretation to justify ап attempt 
to appraise them generally among school children. Тһе primary 
factors that do seem to be clear enough for such purposes are the fol- 
lowing: verbal comprehension V, word fluency W, number N, space 5, 
rote memory M, and induction or reasoning 7. We shall use the nota- 
tion R for reasoning to denote the inductive factor. The factors which in 
several studies are not yet sufficiently clear for general application are 
the perceptual factor P and the deductive factor D, which was not iden- 
tified in the present study. Тһе existence of a perceptual factor seems 
quite certain, but its nature is, а5 yet, obscure. The deductive factor 
has been negligible in several factor studies, and it should, therefore, be 
regarded as tentative. The six factors listed above have been identified 
clearly in every study in which the nature of the tests led us to expect 
them. The inductive factor needs further study to clarify its nature. 
In adapting the tests for practical use in the schools for the appraisal 
of six primary mental abilities, we must recognize that the new test pro- 
gram to be described here has for its object the production of a profile 
for each child, as distinguished from the description of a child’s mental 
endowment in terms of a single intelligence index. For many educa- 
tional purposes it is still of value to appraise a child’s mental endowment 
roughly by a single measure, but the composite nature of such single in- 
dices must be recognized. 
The factorial matrix of Table 5 in Chapter II was inspected to find the 
27 
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three best tests for each of the six primary factors to be included in the 
selected battery. In making the selection of tests for each primary fac- 
tor we considered not only the factorial saturations of tlie tests, which 
is, of course, the most important consideration, but also the availability 
of parallel forms that may be needed in case the tests should come into 
general use. Ease of administration and ease in understanding of the 
instructions are also important considerations. The selection that was 


Table 1 
Selected List of Twenty-one Tests 


Time Ілмітв 
(Мтуотез) 
Cope | Fac- Test Books 
No. TOR 
Fore- Test 
exercise | Proper 

T. 29 e Identical Numbers 3 5 R 

ЕЕ P Faces 2 3 2R—W 

ЗР Mirror Reading 4 4 R 

A uis M | First Names 2-1-6 5 R 

DN M | Figure Recognition| 1-1-2 4 R 

6....| М | Word-Number 3-1-6 5 R 

7....| V | Sentences 3 4 R 

8....| V | Vocabulary 3 4 R 

OR У Completion 3 8 R 
10....| W | First Letters 2 5 R 
ma W | Four-Letter Words 3 4 R 
12.. W | Suffixes 3 4 R 
13.. 5 Flags 12 5 R-W 
14.. 8 Figures qf 7 R—W 
ТБ S ards 6 6 R-W 
16.. N | Addition 3 6 R-W 
ire N Multiplication 3 5 R—-W 
18.. М | Three-Higher 5 4 Еу 
19.. Е Letter Series 6 6 R 
20.. R Pedigrees 5 4 R 
21.. Е | Letter Grouping 7 4 В 


determined upon is shown in Table 1. In this table are also listed the 
code numbers of these tests for the smaller battery of twenty-one tests, 
the time limits for the fore-exercises and tests, and the Scoring formu- 
las. 

The three tests for each 
booklet, and the material 
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tery. For this reason, the selected tests were edited and revised so that 
they could be used for either hand scoring or machine scoring. Тһе 
word-fluency tests constitute an exception in that they do not seem to 
be suitable for machine scoring in any of the tests now known to be 
saturated with this factor. Figure Recognition (5) was replaced by а 
revised form of this type of test that was used in another investigation 
of the memory factor. First Names (4) was set up for machine scoring 
instead of hand scoring, and the time limit was reduced from 7 to 6 
minutes. Word-Number (6) was also revised for machine scoring. Mir- 
ror Reading (3) was increased in length. Faces (2) was revised by elimi- 
nating several items. Identical Numbers (1) was increased from 4 to 6 
minutes. Addition (16) was changed from items with six two-digit 
numbers to four two-digit numbers. Multiplication (17) was un- 
changed. Three-Higher (18) was revised by changing the time limit 
from 5 to 4 minutes. New tests were constructed for vocabulary and 
for reading. The new verbal test, Vocabulary (8), consisted of syno- 
nyms instead of a mixture of both synonyms and opposites. The reading 
test, Sentences (7), was essentially similar to the Chicago Reading Test 
II. Completion (9) was revised as to selection of items. No changes 
were made in the word-fluency tests. Cards (15) was doubled in length. 
Figures (14) was reduced in length with revisions of the items. The 
form of the Flags test (13) was changed. Pedigrees (20) was made 
longer with a longer time limit. Letter Series (19) and Letter Grouping 
(21) were lengthened. . 

In order to check the factorial analysis at the present age-level, we 
arranged to give the selected list of twenty-one tests to a second popula- 
tion of eighth-grade children. In December, 1939, the tests of the se- 
lected battery were given to Grades VIIA, VIIIB, УША and in three 
elementary schools in Chicago, as follows: 209 subjects from Koz- 
minski School, in five sections; 173 subjects from Lewis-Champlin 
School, in four sections; and 134 subjects from Parkside School, in three 
sections. The resulting data were factored independently of the larger 
There were 437 subjects in this population who 


battery of sixty tests. : 
y хау one tests. This population was used for the new 


took all of the twenty- 
factor analysis. 4 


FACTORIAL ANALYSIS OF THE SELECTED BATTERY 


Тһе scores of the 437 eighth-grade subjects were reduced to two-digit 


scores and recorded on tabulating-machine cards. Pearson product- 


moment correlation coefficients were determined. The correlation ma- 
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trix (T'able 4 of the Appendix) was factored by the centroid method on 
the tabulating machines, and the resulting factorial matrix to eight 
factors is shown in Table 5 of the Appendix. Since the battery was 
selected to contain seven primary factors, it was to be expected that 
eight factors would include the primaries and one residual factor. 
The table also shows the communalities of the tests, which are in 
general higher than in the previous battery because of the fact that 


Table 2 
Distribution of Residuals 
(Root Mean Square Residual =.01 7) 


From To 7 From To 1 
.04 .05 1 2,01 -00 58 
.03 .04 7 一 --201 32 
-02 -03 17 —.03 —.02 17 
.01 .02 25 一 .04 一 .03 7 
.00 .01 45 —.05 —.04 1 
C EE Xe XC D WC Eu ee, 


Table 8 
The Transformation Matriz A Showing Direction Cosines of the Reference Vectors 


Р N т Y 8 м R Residual 

15 .21 гі .20 .22 .12 .14 .01 
一 .23 —.48 -23 -31 -.52 .21 .24 Dl 
一 .03 一 -43 =41 44 .54 .33 = —.02 
—.04 32 —.69 .52 —.32 —.34 .24 -.16 
一 .38 | 一 .16 .40 -50 .43 —.65 | 一 .26 —.04 
一 .02 | 一 .59 «25. || 98 .07 | —.44 26 31 
= 17] —.19| —:20 .31 .18 .41 716 

12| -.19] 一 .02 -04 | -.07| —:25 .21 .92 


the best tests for the primary factors were selected for the present 
battery. In Table 2 of this chapter we have the frequency distribution 
of eighth-factor residuals, which are Seen to be vanishingly small. 


8 the rotated oblique factorial matrix 
residual factor, th 


FACTORIAL ANALYSIS ОЕ THE TWENTY-ONE TESTS 31 


The matrix product of Table 4 shows the cosines of the angular separa- 


tions of the reference vectors of A. 
'The direction cosines of the primary trait vectors are shown in the 


columns of H' in T'able 5, and the correlations of the primary traits are 


Table 4 
Matriz A'A Showing Cosines of Angular Separations of the Reference Vectors 


Р N т У 5 М R [Residual 


Residual | |! “00 01 01|- 1 


Table 5 


Р N wW 7 8 M R Residual 

лі л 57 52 .82 00 

= 5 6% 33 .43 | 一 .57 41 аз] 一 .02 

11] —.47 | 一 .39 121 44 29] —.06 00 

01 26] —.40 34| 一 .24 | 一 .32 290 | 5 

—.30| —.04 26 .28 19] —.48 | -.21| -.08 

| -97| —.001| 一 :18 20| —.28 41| -0 

—.64 20| 一 :06 | —.13 15 17 119 16 

16] [| —-07 8 01 | 0 12 93 

Table 6 
Matriz Rp Showing the Correlations between Primary Factors 
P N W V 5 M R [Residual 
Б 290| .420 163| .471|  .001 
om .211| . . . 3 4 

М “з ІШІ 400 395 256 1186] .540 一 (013 
Hi ‘243 | 1.000) 1 БЕСІ си) зу во - “015 
p: לי 4 | ג‎ 10000) с?) 38 ум — ₪ 
a: 20| з спа 19 1.000] м 380 006 
М. 162 250 су зо) 149 | 1000 300 一 012 
ER... “472 1541 .480| .548| .386 .389| 1.000] — .006 
Residual; 412 | з — 015 — :00 -006 | — .012 — .006 1.000 


be seen that the primary factors are 
correlated. "With only three tests to define each of the primary factors 


the correlations of the primaries are probably not stable. This can be 
Seen by comparing the correlations between primaries in Table 6 for 


Shown in R, of Table 6. It may 
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the selected test battery and the corresponding correlations of Table 6 
in Chapter II for the larger battery. Тһе correlations between primaries 
have been found in previous factorial studies to be unstable, with a 
few exceptions. The correlation between V and W, for example, is al- 
ways appreciable. It seems clear that the exact location of each primary 
trait vector in relation to the other primaries is difficult to determine 
unless there is a very large number of test vectors to define each hyper- 
plane with considerable certainty. With this difficulty it is a fortunate 
circumstance that when a test has a high saturation on a primary trait, 
the projection of the test on the primary vector is altered only slightly, 
with considerable displacement of the primary vector. This circum- 
stance has the result of stabilizing 
the test validities even with some 
variation in the possible location of 
the primary trait vectors. 

The principle that isinvolved here 
can be illustrated by the diagram of 
Figure 1. Here we have drawn two 
orthogonal vectors, A and B, to rep- 
resent two primary traits with a 
correlation of zero. In this case, the 
correlation between the traits is the 
cosine of the angular separation. 
КОКЕ ПП Two tests for the trait Д аге num- 


bered 1 and 2, and two tests for trait 
B are numbered 3 and 4. Тһе validities of tests 1 and 2 are .90 and 80 


for the criterion A, as shown in Table 7; the validities of tests 3 and 4 are 
80 and .90 for the criterion B. Now suppose that we shift the primary 
trait vectors to the positions A’ and В” во that the correlation of the 
primary trait criteria is +.40, as shown in Figure 1. The validities of 


ectively, as shown in the table 
tests have then changed only 
hanged correlation from zero to 
which the validities are altered 


slowly while the cosine of a larger angle, 
for the same angular increments. 
Because of the correlations 
at 8 


of the primary factors, it is to bi t 
test which has a satisf A ; EN 


th. actory validity with one primary will also 
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be correlated with other primaries. This is evident in Table 8, which 
contains the correlations of each test with each primary factor. The 
tests were selected so that there should be three tests for each primary 
factor. Each of the tests has its maximum validity for the primary fac- 


Table 7 
Hypothetical Example Where the Correlation AB Is Zero and 
the Correlation A'B' Is .40 
(Tests 1 and 2 Measure the Criterion A or A’, While 
Tests 3 and 4 Measure the Criterion B or B^) 


А а в в 

.86 | —.10 
Tests for A or A^ (37 LE Nau me 
Tests for B or B' Un m iOS 0 E 


уа. лоғар 


А Table 8 

The Correlations Вір between the Tests and the Primaries 

5 м 4 y. 5 M в | Residual 
e GM 31 25 22 07 38 07 

.56 Е 

2.. 50 % 25 133 152 122 E rom 
дік 59 | 10 47 | 8 | .36 | .24 53 T 
B ANE | 53 5 | 51-61 A 
Bos 36 | <09 22 | 23 | .2т 43 EMI c 
be 15 | .23 | | 218 67 28 28 
ds 29 | 189 6 | .90 | 1 30 Bs 05 
8. 26 | .40 | а 40 ЁЗ (5 
Ву 31 | 7 a | зв | -зі 36 ЕДШ 2 
10 мм 2| %| 4-1 
i паю о] | 3| 3| ₪| -₪ 
Тар Ю І 5| ces | ₪| 9| | ₪ M 
ТК | שר‎ ЕТА и 
а 35 | 18 o | 208 | % 08 26 ₪ 
ўра 40 az 11 115 “83 14 80 Ж 
p 208 a еи ао 28 ЫЗЫ lens 
n 21 | % Zou) ЕТ) 18 18 F 0 
18.. 28 | 167 5 ай 18 sereno 
A 36 | 148 ee | ל‎ | 31 35 32 18 
205; 37 | .37 зв | ₪ | 5 38 ו‎ 
21 40 | 148 47 | зо | 31 25 m 


tor for which it was selected. So far, it has not been possible to find 
tests which are pure measures of one factor. Every test has some corre- 
lation with more than one factor, and this condition will necessarily ob- 
tain wherever the primary factors are themselves correlated. A simple 
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example is the differentiation between height and weight as correlated 
primaries. Апу acceptable measure of weight must have a correlation 
with height as long as the two criteria are correlated. 


Table 9 
Projections of the Composite Vectors on Centroid Axes 


I IL III IV Y: VI уп VIII м 

.74 | 一 .28 | 一 .10 .03 | 一 .16 .05 | 一 .31 .08 | .7675 
.70 一 :27 | 一 .35 .23 | 一 .04 | 一 .17 .21 | 一 .13 | .8298 
.69 .30 | —.29 | 一 .33 .24 | 一 .02 | -.11 | 一 .06 | .8328 
.73 .40 .18 -33 26 | 一 .14 | 一 .10 .04 | .9330 
.51 一 .53 .42 | 一 .25 az 417 .13 .05 | .8571 
.51 .27 .13 | —.19 | 一 .39 | —.26 -18 | —.10 | .6481 
.78 AG | 一 .07 17 | = .31 .14 .12 | .8204 

Table 10 


Projections of Composites on Reference Vectors 


Р א‎ т Y 5 М Е Residual 
.52 27 .09 .00 .08 | 一 .01 .02 .02 
=:01 67 | —.02 .01 .08 .00 .07 | 一 :05 
.06 | 一 .01 .67 .08 .02 .1 | —.01 | - 1 
.00 .01 .01 179 01 | 一 :02 .05 190 
.02 | —.01 101 .00 .82 .00 | 一 .01 .04 
01 43 | —.01 | —01 | —:02 .65 .03 :06 
102 01 04 .06 101 .00 .55 .02 

Table 11 
Table of Validities 
P N v У 5 M R Residual 
т 58 аз .40 .46 2 

28 90 44 .39 .33 21 Br | - 06 
27 43 91 54 20 39 47 | —:03 
31 AL 52 97 119 88 88 00 
: 36 14 79 Al 05 
45 .52 51 57 .34 38 .90 02 


The three tests of each grou 
equal weighting into what we h. 
each combination of three test; 
each test is represented by a 


p were combined with approximately 
ave called a “composite.” The score on 
5 was called a “composite score.” Since 
test vector in the common-factor space, 
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the combinations into groups of three can also be represented as com- 
posite vectors in the same space. The centroid projections of each com- 
posite are shown in the rows of Table 9. The projections of the compos- 
ites on the reference vectors are listed in Table 10, and the validities of 
the composites for the primaries in Table 11. Here it will be seen that 
each composite score has its highest correlation with the primary trait 
for which the composite was selected. 


Table 12 
Factorial Matriz for Selected Test Battery 


FACTORS 


Name ог TEST 
Resid- 
ual 


еса өзә Faces 

. .| Identical Numbers 
.| Mirror Reading 
.| Addition 
.| Multiplication 
.| Three-Higher 
.| First Letters 
.| Four-Letter Words 
Suffixes 
Completion 
.| Vocabulary 
...| Sentences 
...| Figures 
...| Cards 
...| Flags 

.| Word-Number 
.| First Names " 
.| Figure Recognition 
.| Letter Series 
.| Pedigrees 
Letter Grouping 


INTERPRETATION OF THE FACTORIAL MATRIX 

In Table 12 we have summarized the data of Table 6 of the Appendix 
so as to show more clearly the grouping of the tests as regards the 
primaries. As in Table 5 of Chapter II, we have omitted all entries less 
than .20, so as to show more clearly the nature of the simple structure 
in this battery of tests. 

Тһе first group of three tests has maximum saturation in the primary 
represented by the first column of Table 12. This is the perceptual fac- 
tor which has been found in previous test batteries. It should be noted 
that, although this factor is found in different test batteries, the factor 
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is not very strongly represented in the best tests for this factor. The 
maximum loadings are less than .50. Although we identify this factor 
as the same perceptual factor which has been found previously in the 
same tests and in similar tests, the factor is not stable enough to justify 
the general application of these tests for appraisal of perceptual speed. 
The experimental test battery for adults which was made available for 
research purposes included this factor, but we do not regard it as suffi- 
ciently well defined at present to include it in a practi 
of tests. The nature of this factor is an interestin 
lem to be investigated further. 

The next group of three tests has its hi 
ber factor М. This factor is so clearly 
taining number tests that we feel just; 
program for use in the schools. 

The third group of tests represents the wor 
shows validity correlations high enough to 
school test program. 

The fourth group of tests represents the уе 
also been clearly identified in previous studies, 


cal school program 
£ psychological prob- 


£hest projections on the num- 
y present in all test batteries con- 
ified to include it in a selected test 


d-fluency factor W, which 
include the factor in the 


і ) These tests and 
entified in Successive studies 


that we can include this factor in the selected test program, 


The last group of tests represents the inductive f. J 
tried to distinguish from the deductive factor D in EN puc 
Subsequent studies have not sustained in any Satisfactory way the ide Б 
tification of the deductive factor, but the induetive factor has re n- 
peared in several studies. The inductive factor is being called гб 
ing R” in the present analysis. The projections of three tests on iind г 
erence axis аге not so high аз we should desire, only опе of them ты 
higher than .50; but it was found that this factor has the highest satur 5 
tion on the second-order general factor in the correlated primaries ui 
this reason, this group of three reasoning tests has been retained За ай 9 
improve the appraisal of the second-order general factor, which о 
perhaps be interpreted as Spearman's general factor or as а Maturation 
factor. 4 

The correlations of the individual tests with the severa] primary 4 
tors аге shown in T'able 8. Since the primaries are correlated, ibis n 
expected that each test will have positive correlation with Several of the 
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primaries. The comparison of the primaries in this regard can be made 
by noting the number of high correlations in this table. It will then be 
seen that the inductive or reasoning factor R has the largest number of 
significant correlations. The most independent primary factor seems to 
be the memory factor M, which has the smallest number of significant 


correlations with the separate tests. 
A SECOND-ORDER GENERAL FACTOR 
In making the analysis for à second-order general factor we have re- 
tained only the six primary factors that were considered stable enough 


Table 13 


Correlations between Six Primaries 


8 М R 
N. 052 | —.099 032 
W. -1059| 1065 | —.098 
y. —:062| 2073 | —.022 
S. 855 | —.012 | 100 
M. 7012 | (775 | -.0П 
и. 100 | —.011| .289 


to justify inclusion іп а practical test battery. In Table 18 we have 
summarized the correlations of the six primary factors of Table 6 after 
eliminating the perceptual factor, which has some uncertainty, and the 
residual factor, which was the mean principal component in the present 
case. The matrix of Table 13 is nearly of rank 1. The first factor resid- 
uals are shown at the bottom of the same table, and it will be seen that 
the off-diagonal entries are quite small. This finding is interesting in 
view of the fact that the intercorrelations of the primary factors are 
often unstable. Under the correlation matrix we have listed the corre- 
lation of each primary factor with the second-order general factor. It 
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will be seen that the inductive or reasoning factor В has the highest cor- 
relation with the second-order general factor, namely, .843. Space and 
memory have lower correlations with the general factor, namely, .339 
and .474, but these are still significant. It is not likely that these corre- 
lations will be stable in successive studies of different populations, but 
it may be significant that the inductive or reasoning factor has the high- 
est correlation with the second-order general factor. This finding raises 
the interesting question whether a unique general factor can be deter- 
mined. Its interpretation here would be that the primary mental abil- 
ities are correlated by a general factor which operates through each of 
the primaries. Each of the primary factors can be regarded as a com- 
posite of an independent primary factor and a general factor which it 
shares with other primary factors, The psychological interpretation of 
the general factor must be only tentative at the present time. We must 
await much data from further investigation to determine whether the 
second-order general factor is sustained in repeated experiments, wheth- 


er it can be found also for adult subjects, and what psychological or 
physiological interpretation may be given to it. 


SIMPLE STRUCTURE IN THE SELECTED TEST BATTERY 


The configurations by which the bounding hyperplanes were deter- 
mined in this test battery are shown in Figures 2 and 8. Since there 
were seven dimensions in addition to the residual factor, we have shown 
here the complete set of twenty-one diagrams by which the reference 
axes were located. The location of each reference axis is determined by 
inspection of these diagrams. The simple structure shown here із ге- 
markable for its clarity. Most of the diagrams show a concentration of 
points at or near the origin and a grouping of three tests along each of 
the two axes of each diagram. Тһе simple structure in the present bat- 
tery is sharp, with only one common factor conspicuously present in 
each test, so that the structure could have been determined by inspec- 
tion for clusters. Each group of three tests would Show a cluster. Fur- 
ther slight adjustments might be made in the locations of the bounding- 
planes by these diagrams, but they would not be sufficient to cause any 
appreciable change in the higher saturations. 


THE PROBLEM OF INVARIANCE IN THE FACTOR LOADINGS 


In the present study we are dealing with two test ba; 
given to eighth-grade children in the same city. The t 
yses were made independently. This situation sho 


tteries that were 
WO factorial anal- 
uld enable us to 


2 чад 


6 чнавіў 
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make a comparison of the factor loadings for the tests which were com- 
mon in order to throw some light on the question whether factor load- 
ings are invariant. The present study was not set up for this particular 
problem, but the comparison can be made under some limitations. The 
twenty-one tests in the selected battery were essentially the same as the 
corresponding tests in the larger first battery, so that we should expect 
the factorial compositions to be practically the same in the two bat- 
teries. If this problem were to be investigated directly, the tests should, 
of course, be exactly the same both as to items and as to time limits in 
the two batteries; but in the present case this condition can only be ap- 
proximated. The larger group of children, from fifteen schools, and the 
smaller group of children, from three schools, were comparable as to 
age and grade; but it seems quite certain that the smaller group had, in 
general, a higher mean test performance and that they were less hetero- 
geneous, so that the dispersions of test scores were somewhat smaller 
than those of the larger group. It cannot be maintained that the two 
groups were comparable in the sense of being random samples from the 
same general population, but their differences should not have been 
large. The groups were sufficiently similar, and the two test batteries 
were sufficiently similar as to the overlapping tests, so that a compari- 
son of the factorial compositions should be of some interest. 

The entries of the factor matrix У (Appendix, Table 6) were compared 
with the entries in the corresponding factor matrix V (Appendiz, 
Table 3) for the corresponding tests. The paired values have been 
plotted, as shown in Figure 4. Inspection of this plot shows that there 
is high correlation between the factor loadings wp in the two test bat- 
teries. In this plot the pairs of projections on the reference axes have 
been combined for all the axes. Similar plots could be made separately 
for each of the reference axes. For each of the factors we find in this plot 
that the tests which had high loadings in one battery had high loadings 
also in the other battery. The loadings near the origin of the range of 
+ .20 may be regarded as of less significance because they represent a 
variance of less than 4 per cent of the total test variance. 

A straight line was drawn through the origin by inspection so as to 
represent the relation between the two sets of factor loadings, and it 
will be seen that the slope is slightly greater than unity. This means 
that the factor loadings were higher, in general, for the selected test bat- 
tery of twenty-one tests than for the larger battery. Several conditions 
may contribute to this result. The selected tests had been edited and 
improved so that they should represent at least slightly better concen- 


Factor loadings vjp for battery of twenty-one tests 
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tration on the primaries which they were intended to measure. A dif- 
ference in the heterogeneity of the two groups would also result in à 
slope differing from unity, since the standard scores of the subjects in 
the tests and in the primaries are determined in part by the dispersion 
of ability in the group. 
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FIGURE 4 


Тһе subject of invariance of factorial composition Should be consid- 
ered under at least two cases, namely, the conditions for invariance in 
the same population and the conditions for invariance in different pop- 
ulations. These two cases are distinct, and they involve different א‎ 
siderations. The simpler саве, which should be the easier to demon- 
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Strate, is that in which two batteries are assembled from the tests that 
have been given to one population. If the two batteries have some over- 
lapping tests, the factorial compositions of these overlapping tests 
should be invariant in the independent factor analyses for the two bat- 
teries. This is а fundamental requirement of any satisfactory factorial 
method. This condition cannot be obtained unless the factors that 
characterize the overlapping tests are common factors in both of the 
test batteries, and it is also necessary that the two batteries be large 
enough so that each of the common factors in the overlapping tests is 
clearly defined by tests which contain the factor and by tests in which 
the factor is absent. Ambiguous cases could be set up in which a factor 
in one of the overlapping tests is inadequately defined by one of the 
batteries. Such a situation might lead to highly correlated primaries or 
to ambiguities of interpretation of the primaries. These ambiguities or 
errors of interpretation could be clarified and corrected by subsequent 
factorial analyses with augmented test batteries. No matter how clear 
a primary factor appears to be in a factorial analysis, it will be accepted 
as a psychological finding only when it has been identified in repeated 
studies with different test batteries on different populations. The re- 
quirement about invariance of factorial composition was set up as one 
of the objectives to be attained in the development of a satisfactory fac- 
torial method. It means that we should not use a factorial method 
which is known to alter the factorial composition of a test when it is 
merely moved from one battery to another. 

The second case concerns the possibility of invariance of factorial 
composition of a test when it is given to different populations. This is 
not a requirement of factorial method because it is to be expected, by 
psychological considerations, that the factorial composition of a test 
will change as it is given to populations that differ in age and schooling. 
Although this is not the case which has been the subject of controversy, 
it is interesting to consider the conditions under which invariance might 
be obtained even for different populations. Let us consider two popula- 
tions that are comparable as to age and schooling, so that essentially the 
same abilities are brought into use in doing a given task Т. Let us also 
consider a simple case in three dimensions, so that it can be easily rep- 
resented graphically, as in Figure 5. The test Т in the first diagram of 
the figure is shown to be a function of the primaries A and В but not С. 
The test performance 7 can be determined, therefore, as a linear com- 
bination of the scores in the pure primaries A and B with no effect of 
the primary C, whose loading should be zero. The loading for B should 
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be higher than that for A, since the test Т is nearer B than A. Let us 
suppose that the loading for B is twice that of А. If the first diagram 
represents a right spherical triangle, the three primaries should have 
zero intercorrelations. 

Consider, now, the second triangle, which represents the same three 
primaries for another population. They are denoted А’, В’, and C' in 
the second triangle; and the angular Separation between A' and B' is 
smaller, to correspond to the fact that these primaries are assumed to 
be correlated in the second population. If the test T involves the same 
primary abilities in the second population but not C, we should expect 
the test vector T to be in the plane A’B’ as shown, and we should expect 
it to be closer to В” than to А”, as before. We should even expect the 


FIGURE 5 


test vector T' in this ease to be a linear function of the two primary 
vectors A’ and В’ with the same numerical relation, so that the coeffi- 
cient for B' should be about twice that of A'. Here we should expect an 
invariance in the regression coefficients s on т, even though the test 
has been given to two different populations, but we must not ignore 
certain limitations in making comparisons for two different popula- 
ns. 
ו‎ among these limitations іп making comparisons of factorial 
results for different populations is the assumption that the two popula- 
tions use essentially the same abilities in doing the task Т. Тһе regres- 
sion coefficients should remain essentially invariant under anges of 
obliqueness of the primaries in the two populations, but the invariance 
will be disturbed by marked changes in the dispersions of the abilities 
in the two populations. Consider an extreme case. Suppose that ite 
dispersion in ability B’ were reduced to insignificance in the second 
population. This might be brought about by selecting the second popu- 
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lation so as to be uniform as to this primary. Then there would be no in- 
dividual differences in this ability, and it would not appear as a dimen- 
sion. The second triangle would collapse into the two-dimensional 
figure A’C’, and the test vector T would move into the position A’. Its 
communality would be reduced, and the regression coefficients would 
no longer remain invariant. The development of factorial theory will, 
no doubt, be extended to cover various conditions of transfer from one 
population to another, but we must not forget that statistical considera- 
tions do not cover the fact that two populations may differ in their 
ways of doing a task Т either because they use the abilities that seem 
effective or because they have been taught to use them differently. 
The important case for the controversial principle of simple structure 
is the first case which concerns invariance in factorial composition when 
a test is moved from one battery to another for the same population, 
with the reservation that the common factors of the test must be clearly 
defined in both batteries. 


CHAPTER IV 
DESCRIPTION OF THE TESTS 


SHALL describe here the nature of each of the tests without 
reproducing them in full. For most of the tests we have re- 


produced only the instructions and fore-exercise, which were 
timed separately. Their purpose was to familiarize the Subject with the 


the nature of each test will p 


factors it is essential to have access to the detail of the tests, since the 
name of а, test is often inadequate for its psychological interpretation. 

For each of the following tests we have indicated in parentheses the 
code number by which it is identified in some of the tables, the verbatim 


instructions and examples, and a statement of the number of items in 
the test proper. 


ABC (1) 
Only three letters, A, В, and С, are used in this tes 
ways, but there are only two rules. The rules are: 
1. A combination of any two different letters is equal to the 
third letter. 
Ехлмрінв: АВ = 0, AC=B, BC=A, 
ВА-С, СА-В, СВ-А. 
2. If a letter is followed by itself, the combination is equal to 
that letter. 
ExaMPLES: А А = А, ВВь В, 6006 
The example below has been worked out according to these rules, 
АВА-В 


t. They are combined in various 


1 This set of tests is filed as an Auxiliary Publication of the American Documentation 
Institute, Care of Science Service, 2101 Constitution Avenue, Washington, DIG. ца 
available in microfilm form as Document No. 1434, at a cost of $2.00. 
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, Here is the way you solve the problem. Combine the first two letters. The com- 
bination A B = C. Then combine this C with the next letter, which is A. The com- 
bination C A = B. 


Work the following examples and write the answers in the blanks. 
CBB= CAC = 
You should have written C in the first blank and A in the second blank. 


Here is a longer example which has been worked out. 
САВС=А. 


The first two letters, C А, equal B. This letter, combined with the next, gives B B, 
which is equal to B. This letter, combined with the next, gives B C = а. 


Find the answer to the following example and write it in the blank. 
BCAC- 


You should have written B. 


Here are more problems for you to practice on. Write the answers in the blanks. 
ВССАС- ВАВВА-. 2. ACBCA- 


Тһе test contained sixty items. 


ABSURDITIES (2) 


For each of the following sentences mark Р if the sentence is foolish. Mark 5 if it is 
sensible. 


S Е Mrs. Smith has had no children, and I understand 
== == that the same was true of her mother. 
8 Е While the businessman was eating his lunch, he was 
== = interrupted by a long-distance telephone call. 
F I have three brothers—Paul, Ernest, and myself. 


B 


The first sentence is foolish, so you should have marked F. The second sentence is 
sensible, so you should have marked S. You should have marked Р for the third sen- 
tence. 


The test contained twenty-six statements. 


ADDITION (8) 


Below are two columns of numbers which have been added. Add the numbers for 
yourself to see if the sums are correct. 


16 42 
38 61 
45 83 
99 176 
в 一 R= 
м У = 


The first sum is right, so the В below it is marked. "Тһе second sum is wrong, so the 
W is marked. 
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Check the sums of the columns below. If a sum is right, mark the R immediately 
under the sum. If a sum is wrong, mark the W below the sum. 


17 35 63 
84 28 17 
29 61 89 
140 124 169 
B В = B 
wm Ww үү = 


The test contained fifty-six columns of six two-place numbers. 


ANAGRAMS (4) 
Look at the word below: 
COMFORTABLE 


Using the letters of this word, you can build many smaller words. 

There is only one rule: In any one word do not use a letter more times than it appears in 
the given word. For example, the word BATTLE would not be right because it has two 
Т? and there is only one Т іп COMFORTABLE. 


Sample words have been written in the first few lines. Write as many more words 
as you can, using only the letters given. Go ahead. 


'The test instructions were as follows: 


Write as many words as you can, using the letters in the word below: 
ABBREVIATION 


ARITHMETIC (5) 


In this test you will be given some problems in arithmetic. After each problem there 
are five answers, but only one of them is the correct answer. Solve each problem and 
mark the correct answer. The following problem is an example. 


How many pencils can you buy for 50 cents at the rate of 2 
for 5 cents? 


10— 25— 125-- 100-- 20 = 
Тһе correct answer із 20, and therefore this answer has been marked, 


Mark the correct answer to the following problem: 


If James had 4 times as much money as George, he would 
have $16. How much money has George? 


$4.00 $8.00 $12.00 $16.00— 564.00-- 
You should have marked $4.00. 
Mark the answers to the following problems: 
In 5 days Harry has saved а dollar. What has his average 
daily saving been? 
20% 2244 258 30$ 40$ — 
А watch lost 1 minute 18 seconds in 39 days. How many вес. 
onds did it lose per day? 
2 2% 5 7% 10 


———ÀÀ 
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John sold 4 magazines at 5 cents each. He kept one-half the 
money, and with the other one-half he bought papers at 2 cents 
each. How many did he buy? 


8-- 4-- 5 6 一 10-- 


The test contained twenty arithmetical statement problems. 


ASSOCIATION (6) 


Write as many words as you can that are names of things to eat or drink. 


MIRROR READING (7) 


Look at the two words below. 
cat 
ўво 


The first word is cat. "Тһе second is also cat, but it is printed backward. 


Below are two lines of words. In the first line the words are printed forward. In the 
second line the same words are printed backward. 
aunt Skip dunp found bind 
tous qtde quub bavot batd 


The first word in each column below is printed forward. Below it are four words 
printed backward. One of the four words printed backward is the same as the word 
at the top of the column. The word which is the same as the first word is marked. 


flag Xown 
золі шш? 
зал enot 
E zags 
ms? пио} 

== «> 


In each column of words below, mark the word printed backward which is the same 
as the first word. 


lamp book purse horse most 
Жоо baod эатич doni stom 
өзіні Заза Iabeq xenod tson 
qusl xmad eaadq sabed ўвод 


angel dood тэ өвтой Ш 


The test contains fifty columns of four words. 
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CARDS (8) 


Here is a picture of a card. It looks like an L, and it has a hole in one end. 


L 


The two cards below are alike. You can slide one around on the page to fit the other 


exactly. 
₪ & 


Now look at the next two cards. They are different, You cannot make them fit ex- 
actly by sliding them around on the page. 


ы A 


Неге аге more cards. Some of the cards аге marked. The cards which are like the 
first card in this row are marked. 


₪ בש‎ «2 nie $ 


Below is another row of cards. Mark all the cards whi 


ch are like the first card in the 
row. 


[> Iu d po а 


You should have marked the second and third cards, They are like the first card. 


Here are some more cards for you to mark. In each row mark ever: d is li 
the first card in the row. y card that is like 


NY 47 
OODOGOGDO 


Тһе test contained twenty rows of seven figures. 


CLASSIFICATION (9) 
Below is a list of the names of ten students and their grades in а, 
ing. You are to classify the students in four groups as follows: 


Group А: Students whose spelling grades are above 20 
. whose arithmetic grades are above 50 Eni 


iroup B: Students whose spelling grades are above 9 
Group whose arithmetic grades are below 50 Шы 


rithmetic and Spell- 
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Group C: Students whose spelling grades are below 20 and 
whose arithmetic grades are above 50 


Group D: Students whose spelling grades are below 20 and 
whose arithmetic grades are below 50 
"There are no grades of 20 or 50. 


Write a letter in the last column of the table below to indicate the correct group for 
ri של‎ Тһе first three names have been marked. Check them to see that they 
are right. 


Name Анік Spelling | Group 
53 27 
62 15 
38 11 
56 21 
29 28 
33 17 
72 10 
55 19 
86 81 
51 25 


Тһе test contained fifty-six names фо be classified. 


COMPLETION (10) 


Тһе following sentence has a word missing at the place indicated by the parentheses. 
You are to think of the word that best completes the meaning of the sentence. The 
number in parentheses is the number of letters in the missing word. 


А (4) is a contest of вреед.............. 
B= Te M= Р-- Re 


The missing word is race. The number in the parentheses is the number of letters 
in the missing word. The letter has been marked because it is the first letter in the 


missing word. 
Do the following example: 
А (9) is a place or building for athletic exercises. ........... 
б= = шы GS В== “Тез 


You should have marked G because it is the first letter in the missing word gym- 
nasium. This word has nine letters and it completes the sentence. 


Do the following examples in the same way: 
А (5) is an organized company of singers in church service... . 


B с D F G 
The thin cutting part of an instrument, as of a knife or sword, is 
called its (5).......... 
A B E H У 


A mark made with а hot iron, as to indicate ownership, quality, 
ete., is called а (5). 
B L P 8 У: 
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Ап (7) is the commander in chief of a navy 


U о ца Е А 
А (3) іва small or portable bed, as of canvas stretched on a 
ו‎ 
2 א‎ Н с В 


Тһе test contained sixty definitions. 


DIGIT SPAN (11) 


Instructions to the Examiner 


See that the students print their names and the name of their school on the answer 
sheets. Then read the following directions to the students: 


“І am going to read aloud some numbers. Listen carefully so that you will remem- 
ber them. While I am reading the numbers, my right hand will be raised, like this:" 
(Examiner raises right hand.) “At the end of each series of numbers, I will lower my 
hand. That will be the signal for you to write the numbers in the same order in which 
they were read. Do not write anything until I lower my hand.” 

“At the beginning of each series, I shall give you the number of the series to indicate 
the corresponding row on the answer sheet. Be sure to write each series of numbers in 
the proper place on the answer sheet. If you don’t remember all the numbers, write as 
many as you can.” 


“Here is the first practice problem. Are you ready?” (Examiner raises right hand 
and reads the following numbers at the rate of one per second.) а 


4-1-2-7 
(Examiner lowers right hand, pauses for students to write, and then зал 


? в:) “When I 
lowered my hand, you should have written 4-1-2-7 on the first line pend "Practice 
Problems.’ ' 


“Неге is the second practice problem:" (Examiner proceeds as before.) 
5-8-3-1 
“When I lowered my hand, you should have written 5-8-3-1 on the second line 
under ‘Practice Problems.’ ” 
The test contained twenty-one series of digits ranging from five to 
eleven in span. 


DIRECTIONS (12) 
Read the following sentence and do just what it tells you to do. 


If Washington, D.C., is the capital of the United States, write 
W here a 


You should have written W in the blank. 
Do just what you are told to do in the three sentences below: 
If the word cat has three letters, write 4 here 


If 12 is less than 8, make a ring around 8. If William is a boy's 
name, write girl here — — — —. 


EE Eee 
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You should have written 4 in the first blank. You should not have made a ring 
around 8. You should have written girl in the last blank. 


Here is some material for you to practice on: 
Tf battleships are heavier than canoes, write no here 
Circle the first letter e in the sentence you are now reading. 
If New York is larger than Boston, add 8 and 6 and put a wrong 


answer here — — —; but if New York is smaller than Bos- 
ton, put the right answer here ч 
Write Easter here _______ and а boy's name here 


Тһе test contained a longer section with fifteen blanks. 


DISARRANGED SENTENCES (13) 


The words below make a sentence if they are arranged in proper order. 
drank milk she 


The sentence would be 
She drank milk. 


А Here is another disarranged sentence. You сап make a sentence with these words 
if you put them in the proper order. 
was late he school for 


The sentence is: He was late for school. Notice that two words have been under- 
lined. They are the first and last words in the correct sentence. 


Think of a sentence using the words below. Then mark the first and last words in 


that sentence. 
ball boys play 


You should have underlined boys and ball. The sentence is: Boys play ball. 


Та each row below think of a sentence using the words in the row. Then underline 
the first and last words in that sentence. 


floor she the swept 
twelve the struck clock 
balls cats like play to with 


The test contained twenty disarranged sentences. 


DOT COUNTING I (14) 


Count the number of dots in the row below. 


m The number of dots in the row is 13, so 13 is written in the space at the end of 
e row. 
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Here are some more problems for you to practice on. Count the dots in each row 
and write the number in the space at the end of the row. Work as fast as you can. 


| 


The test contained seventy-six rows of dots, 


DOT COUNTING п (15) 


Count the dots in the first square below. Do not draw any lines 
in the square. The first square has 14 dots, so 14 is written ye the = алу marks 
square has 16 dots, во 16 1s written іп the corner. Р 


Неге are some more problems for you to practice on, The first t 
been answered for you. Count the dots yourself to be sure the answ 
not make any marks except to write the answers in the Corner; 


8. Work 
КЕР Ен BIN 
Ба ЕЕЕ раа 


Тһе test contained eighty-four squares of dots. 


Wo have already 
ers are right. Do 
аз fast аз you can. 


DESCRIPTION OF THE TESTS 
Count the dots in the row below. 


DOT COUNTING III (16) 


55 


There are 13 dots, so 13 is written in the space at the end of the row. 
fast as you can. 


Here are some problems for you to practice on. The first one has been answered 
for you. Count the dots yourself to see if 18 is the right number. Find the number of 


dots in each row and write the number in the space at the end of the row. Work as 


N 
2... 4; боо ее 
е е e 
The test contained sixty-eight rows of dots. 


DOT PATTERNS (17) 


Look at the four groups of dots in the row below. 


ber of dots. That group is marked. 


group which has a different number of dots. 


have 6 dots. 


Three of the groups have the same number of dots. One group has а different num- 


In the row below, three of the groups have the same number of dots. Mark the one 


You should have marked the second group. It is the only group which does not 
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In each row below, mark the group which has a different number of dots. 


'The test contained sixty rows of dot patterns. 


FACES (18) 
Here is а row of faces. One face is different from the others. Тһе face that is differ- 


ent is marked. 
ж 


Look closely to be sure that you see why the middle face is marked. Тһе mouth is 
the part that 1s different. 


Here is another row of faces. Look at them and mark the one that is different. 


С] 


You should have marked the last face. 


Here are more pictures for you to practice on. In each row mark the face which is 
different from the others. 


Тһе test contains sixty rows of faces. 


FIGURE GROUPING (19) 


Look at the five drawings below. Four of the drawin 
drawing is different. It is marked. 


加 加 四 加 四 


of the drawings are circles. One drawing is not a circle, It į 
it A different from the others. tis marked because 


gs аге alike in some way. One 
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Look at the next row of drawings. Four of the drawings are alike in some way. One 
drawing is different. Mark the drawing which is different. 


а Ча 


You should have marked the third drawing. АП the other lines slope down to the 
left, but the third slopes down to the right. 


‚ Below are four sets of drawings for you to practice on. In each set, mark the draw- 
ing which is different from the other four. 


Тһе test contained thirty sets of drawings. 


FIGURE NAMING (20) 


The figures below are a triangle, a rectangle, a circle, and a star. 
Дара CI E 
Ж Жы ыб #2 


Each figure is marked with the first letter of its name. 


Тһе triangle is marked t. 
The rectangle is marked r. 
Тһе circle is marked с. 
Тһе star is marked s. 


In the row below, the correct letter is written under each figure. 


QUA Шеш Nm 


e E 
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Write the correct letter under each figure below. Work as fast as you can. 


СзО Xr ג דכ‎ АО А за 
AMAGA OnO 


The test contained one hundred and forty-four figures. 


FIGURE RECOGNITION (21) 


Study the figures below so that you can recognize them when you see them again. 


Ad Dee] [ET] 


In the list below put a check mark (vV) after each 


d of the figures that were listed 
above. 


Іп a similar manner study the list below so that 
see them again on the next page. 


Сз] Сё] [75] 


In the test proper twenty figures were Shown, and 
checked in a longer list of sixty figures presented on 


you can check these figures when you 


these were to be 
а Separate sheet. 


FIGURES (22) 


Look at the row of figures below. The first figure is like 


2 the letter F whioh ia n 
side up. All the other figures are like the first, but they have been т ios 
directions. 


Е «е^» ум. 


Satisfy yourself that all of these figures look like the first 


| one if they аге turned 
right side up. 
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Now look at the next row of figures. The first one looks like an F. But none of the 
other figures would look like an Р even if they were turned right side up. They are all 
made backward. 


F Ч $e m 


Some of the figures in the next row are like the first figure. Some are made back- 
ward. The figures like the first figure are marked. 


F © au Y 


Notice that all the figures like the first figure are marked. 
Some of the figures in the next row are like the first figure. Some are made backward. 
Тһе figures like the first figure are marked. 


4 се 2 € 


Notice that all the figures like the first figure are marked. 


In each row of figures below, mark every figure which is like the first figure in the 
row. Do not mark the figures which are made backward. 


In the first row you should have marked figures А and D. In the second row you 
should have marked figures J and L. 


In each row below mark every figure which is like the first figure in the row. Go 
right ahead. Do not wait for any signal. 


The test proper contained sixty rows of seven figures, 
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FIRST AND LAST LETTERS (23) 
Each word in the list below begins with S and ends with K. 
soak stick streak squeak 


On the blanks below write several words which begin with M and end with T. The 
words шау be as long or as short as you like; the number of letters does not matter. 
Go ahead. 


The instructions for the test were as follows: 


Write as many words as you can which begin with Т and end with Æ. The length 
of the words does not matter. 


FIRST LETTERS (24) 
Look at the words below. Each word begins with D. 
doll dinner daisy doughnut 


On the blanks below, write several words which begin with P. One word you might 
write is pretty. Go ahead and write more words which begin with P. 


Тһе instructions for the test were as follows: 
Write as many words as you can which begin with 5. 


FIRST NAMES (25) 


Tn each row below is written a name. You are to learn the names so well that when 
the last name is given you can write the first name. On the next page the last names 
are listed in a different order. You will be asked to write the first names, 
| If writing helps you to remember, you may copy the first and last names on the 
blanks below. Study silently until you are told to stop. Begin studying now. Do not 
wait for any signal. j 


First Name Last Name First Name Last Name 
Mary Brown 
John Davis 
Ruth Preston 
Fred Smith 


In the first row the correct first name has been written. Write the correct first iame 
in the other blanks. 


First Name Last Name 

gom Preston 
Brown 
Smith 
Davis 


The test consisted in memorizing twenty first names which w els 
be associated with given surnames. 
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FLAGS (26) 


Here are two pictures of a flag. These two pictures of the flag are the same. You 
can slide one picture around to fit exactly on the other picture. 


| >= 


D 一 


S is marked to show that the pictures are the same. 


Тһе next two pictures of the flag are different. You cannot slide the pictures around 
to make them fit exactly. 


EE שש‎ :一 
E 


= == D == 


D із marked to show that the pictures are different. 


Here are some pictures for you to mark. Try to fit the pictures together by sliding 
them around flat on the paper. If the two pictures of the flag are the same, mark 5. 


If the two pictures are different, mark D. 
S 
D 


You should have marked S for the first pair and D for the second pair. 


Ї || 


== 
ра 


The test contained forty-eight items. 


FOUR-LETTER WORDS (27) 


Each of the words in the list below has four letters and begins with B. 
bear bone bald bent 


On the blanks below write several four-letter words which begin with M. 


The instructions for the test were as follows: 
Write as many words as you can which have four letters and begin with C. 


GEOMETRICAL FORMS (28) 


Look at the drawing below. Two figures in the drawing are made in solid lines, and 
two figures are made in dotted lines. The X is inside both solid-line figures and outside 


both dotted-line figures. 
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Here are two more drawings. Check each of them to see that the X is inside the 
two solid-line figures and outside the two dotted-line figures. 


mee 


І | 
Ча Uc 


Неге аге some problems for you to practice on. In each drawing, make an X inside 
the two solid-line figures and outside the two dotted-line figures. 


Тһе test contained sixty diagrams. 


HIGH NUMBERS (29) 

In the row of numbers below, 13 is marked because it is higher than the numbers 
on either side of it. The number 70 is marked for the same reason. It isa larger number 
than the numbers on either side of it. 

81 12 13 9 7 14 18 70 62 1l 15 


In the next row of numbers mark every number that is larger than the numbers on 


either side of it. 
62 5 9 88 74 19 52 31 62 69 41 31 


You should have marked 88, 52, and 69. 


Here are more problems for you to practice on. In each row, mark 6 
that is larger than the numbers just before it and just after it. Work as eM са 


42 19 31 38 53 19 22 60 68 74 73 82 55 43 12 


15 92 88 89 94 96 58 44 27 18 20 15 13 6] 60 


58 54 27 34 25 16 6 75 66 93 98 90 54 53 20 
24 28 44 35 39 52 70 бі 83 88 М 95 80 gj y 


7802069» 950900029 d Са 24020 уш 


Тһе test contained thirty lines. 
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IDENTICAL NUMBERS (30) 


Тһе number at the top of the first column of figures is 634. A mark has been made 
under each 634 in the column. In the second column a mark has been made under the 
876 because 876 is the number at the top of that column. In the third column the two 
795's have been marked because 795 is the number at the top of the third column. 


The number at the top of each of the other columns is repeated one or more times 
in that column. Find those numbers as quickly as possible and put a mark under each 
of them. Go right ahead. 


634 876 795 423 279 374 

693 643 583 837 363 282 
зю | 328 | 75 | ns | em | ₪ 
634 932 189 423 279 539 
ЯЗ 879 342 528 375 314 
зв | as | 705 | so | 470 | 4% 
ө6 | ато | 86 | 27 | sez | 576 
esa | ew | зат | ex | ₪ | sm 
би | вет | 247| es | ₪ | зи 
574 876 319 627 291 850 
628 m 468 423 983 677 
634 982 543 962 585 846 


The test contained thirty columns of numbers. 


IDENTICAL PICTURES (31) 


All the pictures in the row below are somewhat alike, but not exactly. Some of the 
pictures are exactly like the first one in the row. Look at the pictures and find those 


that are exactly like the first one in the row. 


Three pictures are exactly like the first one. They have been marked. 


Now you are to mark the pictures in the next row youself. Look carefully at all the 
pictures and mark each one that is exactly like the first one in the row. 


Ш ₪ PF] ₪ ₪ 


You should have marked two pictures, the second and the next to the last, 


64 FACTORIAL STUDIES OF INTELLIGENCE 


There are three more problems on this page. Go ahead and mark them for practice. 


> 0 ₪ t Ф p ой ₪ 


Тһе test contained sixty rows of pictures. 


INCOMPLETE WORDS (32) 
A letter 18 missing in the word below. 
һа 
If 6 is written in the blank, the word is heart. Write an e in the blank, 
Two letters are missing in the word below. 
co___fortab___e 


If m is written in the first blank and J in the second blank, the word is comfortable. 
Write m and / in the blanks, 


Write a letter in each blank below to complete each word. 
1 тр 
de__k 
נש‎ dow 


You should have written а in the first blank to ша] 


ond blank to make desk, and n in the third blank to ae the word lamp, s in the sec- 


make window. 


Practice on the words below. 


- If you cannot А 
on it. Go оп to the next word, > 0% get à word, do not spend too much time 


1- sh an m 1 
Бе d B ý ol 
bul e 


Тһе test contained sixty items. 


Е nus 


LETTER GROUPING (33) 
Look at the groups of letters below. 


ААВС ACAD АСЕН 6 
Three of the groups have two A's. The 


waned. group which does not have two A’s is 


— 
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Here is another problem. Three of the groups are alike in some way. Can you find 
three groups which are alike? 


XVRM ABCD  MNOP  EFGH 


. In three of the groups the letters are arranged in alphabetical order. The first group 
is not in alphabetical order. Mark it to show that it is different. 


"Three of the groups in the next row are alike in some way. Mark the group that is 
different. 
KABC  KEFG  LOPQ  KUVW 


Three of the groups start with К. You should have marked the third group, which 
is different. 


Here is another problem. Mark the group that is different. 
ACDE  ILMN ШОР QSTU 


Three of the groups omit only one letter. You should have marked the second 
group, which is different. 


roblems for you to work. In each row three of the groups are alike 


Here are more 
1 the group that is different. Go right ahead. 


in some way. Mark 
AAAB АДАМ ААН ААТҮ 


DCBA  HGFE  MRVX PONM 


RSTT LMNL  FGHF BCDB 


ABCE FGHJ  KLMO ВТУ 


Тһе test contained twenty lines. 


LETTER SERIES (34) 


Read the row of letters below. 
ababs 26 0 —— 


The next letter in this series would be а. Write the letter a in the blank at the right. 


Now read the next row of letters and decide what the next letter should be. Write 
that letter in the blank. 


eadaeafa.— 


You should have written the letter g. 
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Now read the series of letters below and fill in each blank with a letter. 
odeded... 
aabbecdd__ 
abxedxefxghx__ 

You should have written c, е, and 1. 


Now work the following problems for practice. Write the correct letter in each blank. 
aaabbbeecdd 
axbyaxbyaxb__ 
abmedmefmghm__ 
Tsrtrurvrwrxr__ 
abcdabceabcfabe__ 


The test contained twenty-five series. 


MAZES I AND П (35, 36) 


Look at the following drawing. A pencil line has been drawn from the letter A to 
the letter B. Notice that this pencil line does not cross any printed line. 


аўсе 


Now look at the next drawing. Make а line with your pencil from A 


crossing a line. m, 


Practice on the drawin, 
crossing а line. 


to B without 


gs below. In each drawing make a line from A to B without 


Mazes I 
In each drawing make a line from A to B without crossing a line, 


сна)‏ הר 


This test (Mazes I) contained nine mazes. 
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Mazes II 
In each drawing make a line from А to B without crossing a line. 


This test (Mazes II) contained six mazes. 


MULTIPLICATION (37) 
wo multiplication problems which have been worked out. Multiply the 


Below аге б 
numbers for yourself to see if the products are correct. 
64 39 
7 4 
448 166 
в = == 
₪ 一 w= 


The first answer is right, so the R below it is marked. The second answer is wrong, 


so the W is marked. 


_ Check the answers in the p 
is right, mark the R immediate 
mark the W under the answer. 


roblems which are worked out below. If a multiplication 
ly under the answer. If the multiplication is wrong, 


57 46 29 
6 _8 7 

342 358 193 

= R = = 
== w= W= 


The test contained seventy problems. 


NUMBER PATTERNS (38) 


Here is a square with the numbers 1, 2, 3, 4, 5, 6, 7, 8, 9. The numbers go across 
the square in each row. 


elow is larger, and some of the sed twice. Read the num- 


n 
3, 4, 5, 6, 7, 8, 9, 1, 2, 3, 4, 5, 6, 


Ne 


The square b! 
bers in the order: 1, 2, 
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Look at the next square. Begin reading with 1 and read in the order: 1, 2, 3, 4, 5, etc. 


А number is left out of the next square. Тһе mi 


| 
of the square is marked to show that the שד ל‎ 53. The 3 at the side | 


umber is 3. 


m 
o 


Із | | || 


lex ре Poe lio || 


Here is another square with a number left out. It; 
of the square. Mark the number that is left out. "E . of the numbers at the side 


le [о [~ lle 


Із ]= le |ә ]= 


You should have marked the 6. The number 6 is missing, 


Here are two more squares for you to try. A numb 
Mark the number left out of each square. er has been left out of each square. 


le lo ~ |= 


le [ее I |ә 


а 
2 
з 
å 
5 


le [зь [| ]₪ ]= 


You should have marked 7 and 3. 


DESCRIPTION OF THE TESTS 69 


Here is another square. Begin with the З and read: 3, 4, 5, 6, 7, 8, 9, 1, 2, 3, etc. 


- A number is left out of the next square. Mark the missing number. 


m 
o 


le le [I~ || 


Тэ || = |ә || ₪ || 


You should have marked 7. The number 7 is missing. 


Here are two more squares for you to try. Mark the number left out of each square. 


m 

с 
= 
© 


ай 
S 
5 


[> е || || 


Із Цне |ә || ₪ || 


Із || > Те» || ₪ || 


You should have marked 5 and 3. 
Practice on the squares below. Mark the missing number at the right of each square. 


Go right ahead. 


le [о || flo 


le |» [foe || ₪ || = 
Пе || = [ее || ₪ ]= 
Із [се || [е 


Тһе test contained thirty squares. 


PARAGRAPH RECALL (39) 
Instructions to the Examiner 
Say to the students: 


^ shall read aloud а short paragraph. Then I shall read it a second time. Listen 
carefully and remember аз much of it as you can. The same paragraph is printed on 
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an answer sheet, but some of the words are missing. When I have finished reading, 
the proctors will give you your answer sheets. Then you will fill in the blanks with the 
proper words. Only one word goes in each blank. If you are not certain that you re- 


member the exact word, write the word that you think goes in the blank. Ready? 
Listen carefully." 


Then read the following passage: 


From her appearance, one could never have guessed that she 
had spent the entire afternoon in the kitchen. She had prepared 
а lovely dinner for six guests, and every detail was perfect. 


Then say: “Listen carefully and I will read it again." Read the passage again. 


Then have the proctors distribute answer sheets, have students fill in the blanks, 
and have them print their names and the name of their school. 


Тһеп say: 


Then read the following passage: 


Even in early times the Phoeni 
Their strength and wealth came, p 
trade and colonies, They claimed 


tries through which they had to 
nished woolen materials to the 6 
manufactured so much glass tha 
inventing it. They established 
shores of the Mediterranean, 
direction and spread of early Asiatic culture, ТІ 
еу exchanged manu. 
factured wares for slaves, skins, and wool. They also worked 
the mines and collected snails, from which they made purple 
dye. At that time the Greeks were а Primitive People, but they 
were quick to adopt these new products, and thus to benefit 
from a civilization which had been in existence for centuries, 


Then say: “Listen carefully, and I will read it again.” Read the passage again 


Then say: “Turn the page and fill in the blanks,” anq start ноша 


аа 
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Tue Test 
Fill in as many of the blanks below as you can. 


Even in early times the Phoenicians were a 一 一 一 一 nation. 
Their strength and came, principally, from two 


sources: and . They claimed 
territory both where there was & for their own goods 
and where they could for commodities they did not 


possess. Their were busy centers of exchange both 


for their own products and for products. Much of 
their commerce was carried on with countries in the interior of Asia, and 


passage was guaranteed to their 
of the countries through 


by agreement with the 


which they had to travel. The Phoenicians furnished 


materials to the entire — ———————— world, and they manufac- 


such te ae often credited with‏ שה 


it. They established many trading stations on the 
shores of the: = = randsthese centers influenced the 
аа ee and вртова early Asiatic . They 
also settled along the coast of Asia Minor. There they exchanged manu- 


factured wares) Юг skins, and wool. They also 


нана а жэр у) соПесбей , from 


which they made 一 dye. At that time the 
but they were quick to adopt these new products, 


which had been in exist- 


were a primitive people, 
and thus to benefit from а —————— — — — 


ence for — — — — — — 


PEDIGREES (40) 


Look at this chart. 


Ella William 


n were married and had three children, John 
usan, and Ella married a man named 


This chart tells you that Jim and Hele 4s 
Mary, and Ella. John married a girl name 


William. 
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Now answer these questions by consulting the chart. 


Mary's brother is 


How many children did Helen have? 
How many brothers-in-law does Mary have? 


How many brothers-in-law does Ella have? 


Jim's daughter-in-law is 
William's mother-in-law is 


How many daughters has Jim? 


Helen's husband is 
Susan married 
Ella's sister-in-law is 


Tue Test 


Consult the chart for the answers to the questions below. 


Caroline 


Harold married 

Does Alice have a brother? 

ұу Натан аші:і8--------5 
How many grandchildren does Richard 


have? 
Jack is Louise's 
Jane's cousins are. 


and 
Elizabeth’s sister-in-law is 
How many children has Harold? 
Jack’s nephew is 
How many nieces has Jack? 


Harold’s brother is 
---- 4 


Caroline's grandson is 
Dorothy's niece is 
Edward's nephew is 
Does Harold have two шесез? 


Who is Alice's aunt? à 
c NN 


Louise's cousins are 
ms 
and 


Richard's daughter is 


Е 


How many uncles has Jang? 
Jack's brother-in-law jg 
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PICTURE NAMING (41) 


Below is a picture of a house. Under the picture is written h, b і 
letter of the word house. р dcus с 
Under each picture below, write the first letter of the word it represents. 


Тһе test contained one hundred and forty-seven pictures. 


PREFIXES (42) 


Look at the words in the following list. Each of them begins with in. 


independent infant inhale | invest 


Write in the blanks below several words beginning with ex. Go ahead. 


The instructions for the test were as follows: 


Write as many words as you can which begin with con. 


PROVERBS (43) 


Read carefully the five proverbs below. Notice that four of the proverbs have almost 


the same meaning. One proverb has a meaning different from the other four. Mark 


the proverb which is different. 


— Where there is honey there are bees. 
— There is no rain without a cloud. 
== Shallow brooks are noisy. 

--- No result without а cause. 


— Where there is smoke there is fire. 


You should have marked the third proverb, the one about shallow brooks. 


Read carefully the next group of five proverbs. Mark the proverb which is different 


in meaning from the other four. 
== Put not all your crocks on one shelf, 
— Тһе fox with one hole is soon caught. 
== Better to have à second string to your bow. 
== Little pitchers have big ears. 


== Don’t put all your eggs in one basket. 


The test contained twenty groups of proverbs. 
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PURSUIT (44) 


Some of the lines in the following drawing are labeled X. The first X-line is а heavy 
line. The other end of the heavy X-line is marked. 


ETE USE . UM ₪ 5 ж| 
ГОУ 
АВ 


Zi | 


Now trace the second X-line. Mark the space at the end of the line. 


Follow each X-line and mark the space at the end of it. Mark only the X-lines. Do 
not trace or mark lines not labeled X. Mark the X-lines in the above drawing now. 


'The test contained twelve diagrams. 


READING TESTS (45), (46), (47), AND (48) 


The Reading tests were taken from the Chicago Reading Tests, prepared for the 
Chicago schools by M. D. Engelhardt and Thelma Gwinn Thurstone. Four scores 
were used, as follows: 


Vocabulary (45), pp. 3 and 4, a synonyms test 

Sentences (46), рр. 5 and 6, а sentence-completion test 
Paragraphs (47), pp. 13-15, а reading-comprehension test 
Paragraphs (48), рр. 18 and 19, а reading-comprehension test 


REASONING (49) 


d the two sentences at the left below. They are called "given facts.” At the 
nie а "conclusion." If you are told that А is larger than B and that В is larger 
than C, then you can conclude that A is larger than C. The word larger has been written 


in the blank. 


Given Facts Conclusion 
A is larger than B 
B is larger than C therefore А ів Larger than С 


Read the two “given facts” below. A “conclusion” is given at the right. One word 


is left out of the “conclusion.” Decide what word is left out and write it in the blank, 


Given Facts Conclusion 
P is longer than Q 
Ris shorter than Q therefore Рі- — арр 


You should have written longer in the blank. 
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Read the “given facts" below and fill in the blank in the “conclusion.” 
Given Facts Conclusion 

M is larger than O 

O is larger than T therefore 
You should have written smaller in the blank. 
Here are more problems for you to practice on. Read the "given facts" and fill in 

the blanks in the "conclusions." 
Given Facts 
М is younger than N 
К is older than N therefore 


Pig = = = thane 


Conclusions 


Kis. > Сап М 


R is richer than S 
T is poorer than S therefore Ti ______________ than E 


Н is thicker than 2 
Z is thicker than L therefore Hiis — -~- —— —— than L 


Тһе test contained thirty syllogisms. 


RHYMING WORDS (50) 


The first word in the row below is whip. Look at the other four words and think 
how they sound. 


whip -- ы ahs -ee deps 
The four words tip, ship, lip, and dip rhyme with whip. 
The first word in the next row is there. The other four words rhyme with there. 


nik) Maa here | A 


write four words which rhyme with the given word. If 
write as many as you can and then go to the next row. 


there 


In each of the rows below, 
you cannot think of four words, 


snail 


game 
The test consisted of rhyming twenty words. 


SAME OR OPPOSITE (51) 


The first word in the following line is many. 
many ill few down sour 


One of the other words means either the same as or the opposite of many. The word 
few has been marked because it is the opposite of many. 
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The first word in the following line is ancient. Mark one of the other words that 
means the same as or the opposite of ancient. 


ancient dry long happy old 


You should have marked old because it means the same as ancient. 


In each of the following lines mark the word that means the same as or the opposite 
of the first word. 


deep blue shallow tense watery 
awkward clumsy loyal passive young 
hot dry cooked red cold 


Тһе test contained fifty items. 


SCATTERED X’S (52) 
Look at the letters below. А ring has been made around each letter 2. 


There are seven z's in the group of letters below. Make а ring around each letter х. 
Go ahead. 


When the signal is given (not yet), turn the page and mark more з, 
seven z's on each page of this test. Do not spend too much time on any fando are 
cannot find all seven 275 on a page quickly, go on to the next page. . If you 


The test contained seven pages of scattered letters, 
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SECRET WRITING (53) 


In the first column below, “Words,” are three words: saw, sat, and was. In the 


second column, “Secret Writing," the same words are given in a secret writing or code. 


Each number stands for a letter. You are to find the letter that corresponds to each 
number. The words are not in the same order in the first two columns. In the last 


column, "Translation," you are to write the words in the same order as in the secret 
writing. 


Words Secret Writing Translation 

вам 886 : Аа 
sat 5158.38 ו‎ 
was 8 8 5 ака СЕ 


There are several ways to solve this problem. Here is one way: 
rds in the first column. Notice that two of the words 


Look closely at the three wo: Noti r 
begin with the same letter. The words saw and sat begin with s. The number which 
occurs at the beginning of two words is 3. Therefore 3 stands for s. Write s in each 
of the three blanks corresponding to the 3's. К ч 

The other word begins with 10, so 5 must stand for w. Write w in each of the blanks 
corresponding to the 5's. 9 у 

The middle letter. of each word in the first column is a. The middle number of each 
word in the secret writing is 8. This tells you that 8 stands for a. Write ain each middle 
blank in the third column. S 

The only word which is not complete now 18 sat, so you know that 6 must corre- 
spond to t. Write ¢ in the last blank of the first word. 

The words in the last column should be in the order: sat, was, saw. 


roblem. The secret writing is different. Solve the problem 


і le 1 1 
Here is another samp р ber stands for. Write the words in the correct places 


to find out which letter each num 
in the third column. 


Words Secret Writing Translation 
bet 809 зла тл 
таб 528 ל קלדל‎ тақыт жа 
сар 4 2 9 \ 


1 ice that two of the words end in £? The number which occurs twice as 

d Iu дуо ו‎ 9 must stand for t. Write t in the last column in the two blanks 
i the 9's. 1 

шере s dii at rat and cab have the same middle letter, a. The number which 


А ther problem. Find the letters which correspond to the numbers and 
Here із дови ра column, It will help you to get started if you notice that there 


the threo егің the on the ו‎ ана sae eae 
Words Secret Writing Translation 
are Вт Жай 
оаг 285 3 ЖАМА ы, 
saw 5 3 9 арр oy 


You should have written the words in the order: saw, oar, are. 
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Here is another problem for you to try. Notice that the letter g occurs only once 
in the three words. Find the number that occurs only once, and you will see the rest 
of the solution easily. 


Words Secret Writing Translation 
pig 427 и. 
pit 4 2 9 = 
Яр 7 2 4 — — ЗЕР 


You should have written the words in the third column in the order: pit, pig, tip. 


Here are two more problems for you to practice on. Translate the words in secret 
writing and write the words in the correct places in the third column. 


Words Secret Writing Translation Words Secret Writing Translation 
man 2 4 6 — s тип 23 9 See 
tan 878:2 See art 249 as 
met 8 4 6 ——— ran 828 LL ис 


The test contained ten problems. 


SUFFIXES (54) 
Look at the words in the following list. Each of them ends with able. 


capable valuable comfortable hospitable 
Write in the blanks below several words ending with ent. Go ahead. 
'The instructions for the test were as follows: 


Write as many words as you can which end with tion. 


SYNONYMS (55) 


Тһе first word in the row below is cold. 
cold а ые а сасе Lhit 


The other three words are cool, wintry, and chilly. They mean almost the same as 
cold. 


The first word in the next row is ancient. The other three words 
almost the same as ancient. 


old 


in the row mean 


ancient 


| 
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_ In each of the rows below write three words which mean almost the same as the 
given word. If you cannot think of three words, write as many as you can and then go 


to the next row. 
bad 
little 


The test contained eighteen words. 


THREE-HIGHER (56) 


In the row of numbers below, 10 is marked because it is 3 more than the number 7, 


which is just before it. The number 8 is also marked because it is З more than the 
number just before it. 
5712413591 


m Ш 


Here is another row of numbers. Mark every number that is exactly 3 more than 
the number just before it. 
4 11 14 10 9 12 16 8 10 3 15 18 9 


You should have marked 14, 12, and 18. 


Here are more problems for you to practice on. In each row mark every number 
that is exactly 3 more than the number just before it. Work as fast as you can. 


dex dq. uM ду з з б а зл ш 
םמ‎ ₪ я 7 ₪ ш 4 ж ₪ 
9 6 9 2 5 8 5 16 21 19 22 8 
TE 9 2 5 % 18 м ג‎ 18 19 12 
m 10 12 М 28 23 16 15 18 18 16 5 
15 19 2 2 2 2 5 5 8 тп 4 


Тһе test contained thirty rows of numbers. 


VERBAL ENUMERATION (57) 


heading of the first column of words below is “Color.” Look at i 
this column. Some of the words are names of colors. Notice that a I A 
made under each color. No other words in the column are marked. ал 

The heading of the second column of words is “Fruit.” Look at the words in thi: 
column. Some of the words are names of fruits. A mark has been made under mih 
of them. |, ג‎ 

The heading of the third column is “Food.” Some of the words 
Find those words as quickly as possible and put a mark under sath ok | ып - 


Thi 


тала бы 
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Look at the other column headings and then mark th ds in the same way. 
Go Yigbt ahead. gs en г e words in the в y. 


Color Fruit Food Metal Bird 
motor coast tower greet sled | 
рарег реаг bread place cedar 
green column Жо Тыс 56а 
class apple thread tender pedal 
poetry planet search answer gear | 
dwell author m copper wron 
purple noise potato family misty | 
second banana crutch jingle thrush 
liquid quarter m. silver branch 
yellow apricot hose foreign ridge 
switch | quality | meat | part | oriole 
deal minute claim brake blouse 
brown freeze cart swim С 


узараў МН ара Еее rt —— 


The test contained thirty columns of words. 


WORD CHECKING (58) 


In this test you are to mark every word that means something which does not grow 


and which is smaller than a football. 
Look at the words below. 


atch 
horse 一 
chair Бо 
pencil тай 
- 


Two of the words, pencil and match, re eni ked. A penei pa А match do not grow 
and they are smaller than а, football. А $2 tootball, РЕ Stow, but they are 
larger than a football. A rat is smaller t опа grow and whey А RONSE Brows and 
it is larger than a football. Only things ich are smaller УЛДЕ 
football are marked. 
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In the list below, mark every word that means something which does not grow and 
which is smaller than a football. 


bird chimney 
cigar cow 
planet watch 


You should have marked cigar and watch. They do not grow and are smaller than 
а football. 


Here are some more words for you to practice on. Mark every word that means 
something which does not grow and is smaller than a football. 


bug saxophone flea 
auto сабе door 
pen bed stamp 
typewriter m— minnow 


Тһе test contained one hundred and forty-four words to be checked. 


WORD-NUMBER RECALL (59) 


Each object in the list below has a number. The number of бог is 66, the number 
of chair is 21, and so on. You are to remember the number of each object. On the next 
page, the names of the objects are listed in a different order. You will be asked to 


write the number of each object. : 
Tf writing helps you to remember, you may copy the pairs of words and numbers 


on the blanks below. Study silently until you are told to stop. Begin studying now. 


Do not wait for any signal. 
Object Number Object Number Object Number 


box 66 
chair 21 


fan 92 
lamp 77 


Do not turn back this page. 
In the first row the correct number has been written. 


Write the number of each of the other objects. Go right ahead. 


Object Number 
chair 21 
lamp 

box 

fan 


The test proper contains fifteen word-number combinations, 
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WORD PUZZLES (60) 


Rearrange the letters on each of the following lines to spell the name of an animal. 
In the first line the letters ebar can be arranged to spell bear, which is written in the 
blank space. In the next line the letters odg spell dog, which is written in the blank 
space. In the same way the letters ate spell cat. 


Animals 
ebar tenis 
odg ~ 
ate ES 


Rearrange the letters on each of the following lines to spell the name of a boy. The 
t two names have already been written for you. Write the third. 


Boys’ Names 


Ipau (Еее. 
rela [CC 
honj 


, Rearrange the letters on each of the following lines to spell the name of a bird. Go 
right ahead. Do not wait for any signal. 


Birds 
uckd 
cowr 
wahk 


The test contained seventy-two disarranged words, in eight cate- 
gories. 


wá 


APPENDIX 


Table 1 


Product-Moment Correlations for Sixty-three Variables 
(With Decimal Points Eliminated) 


Table 1—Continued 


18 


19 


20 | 21 | 22 


201| 224 


314| 


303 


—088| —054| —026| —090 
—147|—227| —039| - 6 


190| 100| 290| 303 


275| 121| 122 


266] 329) 284 
197] 342] 236 
060] 075] 294] 
455] 565] 328 


—140| —091| —018| --076| — 142| —217 
—169|—082| 193|—089| —164| —258 


187] 124] 261 


339] 338] 276 


Table 1— Continued 


31 


32 | 33 


34 


000 4 О сл > оон 


388 


416 


-212|- 
—222| —151 


810] 
291 
207 
3041 
395 
303 
378 
236 
304 
397 
253 
439 
400 
174 
243 
165 
271 
324 
201 
138 
226 
238 
273 
273 
301 
309 
261 
297 
322 
154 
278 
275] 
437 


122] 
126 
203 
321 
308 
473 
117 
188] 
385 
203 
335 
342 
307 
243 
293 
310 
326 
003 
473 
220 
107] 
376) 
303 
313 
098 
383 
299 


490) 
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40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | ₪ | ₪ | ₪ | 52 
1 232| 239| 278| 205] 227] 212] 917) 255| 052 
ox 095| 420| 394| 342| 334 239] 261| 397|—066 
2 081] 159] 184] 191] 177] 162] 193] 168] 036 
re 117] 210} 251] 233| 160| 160| 423| 266] 131 
5. 143| 430] 420| 360] 350] 354 925 0 
бы 115] 311| 333| 285] 235 141] ава] 344|-008 
т. 283| 209] 206] 177] 158] 165] 404] 240] 234 
Ех 315| 158] 189] 144] 107] 191] 102| 151] 123 
9.. 188| 227] 219] 198| 201| 296| 154] 231] 048 
10 138] 718| 681| 568| 494| 342| 458| 672—064 
11 126] 192| 176] 152] 124] 140] 260] 187|—001 
12 152] 497] 511] 458] 397| 342| 409] 486|—008 
13 157] 454| 455] 395| 304| 214] 448| 497—006 
14 202| 016] 080] 014 056] 000] 165| O78| 084 
15 455|—030| 024|—020]—002| 024| 108] 035] 137 
16.. 273|—024| 017|—022| 034|—037 146] 030] 118 
175 заб] 042| 072] 050] 030] 157) 173] 078| 141 
18.. 400] 160] 179] 129] 118] 129] 200) 194] 146 
19.. 292] 038| 047|—047| 013] 053] 083] 099] 124 
20.. 167| 075] 081] 060] 087] 151 171] 148] 100 
Dh isis 144] 162] 172] 171) 134] 137] 133] 162] 015 
22. 218] 211] 268] 207| 212] 224] 102] 178| 063 
: 125| 237] 212| 206] 116] 108] 465] 245] 078 
104 243| 226] 208| 183] 101] 563| 290] 072 
j —009| 246| 242| 259] 207] 163] 264 281 —010 
; 322| 231| 242| 159] 148] 234] 178] 195] 094 
: 086] 304| 291] 227] 170| 192) 474| 300, 101 
ў 346] 169] 177 104] 101) 210] 1926] 171] 102 
Я 262| 175| 225| 166] 143| 256] 180] 216] 100 
30. 309/—008| 026] 021]--031] 083| 216] 126| 304 
81! 450| 078) 110| 075) 015] 122] 144] 140] 192 
32: 089! 257 272| 260| 196] 110| 461 292| 132 
33 139] 226] 187] 197] 158| 182| 339| 258| 046 
34 203| 335) 342| 307| 243| 293] 310, 326] 003 
35 437| 043| 020|—039|—028| 050) 121] 059] 146 
36 386| 064| 061| 001|—018| 146] 080] 040] 235 
37 122] 133| 172] 157] 157| 181| 237| 210 059 
38 216] 048) 090] 034| 018] 113] 157] 112] 100 
39 109] 624| 623| 547] 495| 335 284 550—062 
40 142] 396] 418 367) 337| зза] 317 396—018 
Al 181| 066] 080] 044| 015|-038 358] 147) 074 
42: 086] 227] 189] 184| 115) 099] 447) 241| 061 
43. 078] 551] 492) 439| 364| 253] 301 476—089 
44.. 063} 071) O15|—001| 076] 104| 100| 132 
45. 063 769] 671| 553] 315] 383| 730|—101 
46.. 071| 769 681] 567| 310] 346] 661|—138 
41. 015| 671| 681 512| 324 342 579—152 
48. 一 001| 553| 567) 512 286| 207| 520 -4 
уя 076| 315] 310] 324| 286 177| 258—063 
50.. 104| 383| 346| 349| 207] 177 402| 043 
51 106] 730] 661] 579| 520| 258| 402 —063 
52. 182| - 101| --138| --152| --104| --063| 043|—063 
53. 257| 212] 241| 220] 200 зіі] 176] 223| 120 
54. 083| 296] 219] 256] 164| 121] 487| 311| 067 
55. 092) 239] 221| 185| 122] 051| 462 277] 018 
56.. 181| 281| 331| 258| 240] 303| 238| 310] 090 
5T. 243| 439| 479] 435| 319| 196] 448| 500| 072 
58.. 166] 456] 478] 428] 354 178] 340 473 1 
59.. 026|—052|—050|—051|—074| 008| 034—050) 051 
60. . 094| 306] 279] 257] 199] 169| 516] 343, 168 
61.. 一 074| 一 342| 一 314| 一 306| 一 228| 一 153| 一 233| -308| 070 
62 088| 127| 106| 069) 039] 159]--126] 025] 013 
63 191| 464| 469| 413| 360| 330| 409] 450] 056 


Table 1—Continued 


53 54 55 56 57 58 59 60 61 62 63 
—180 | —067 | 320 
—158 034 | 356 
—126 010 | 262 
—180 | —149 | 387 
—258 297 | 476 
—210 | —207 385 
—157 | —112 409 
—003 178 314 
—172 098 366 
—335 130 | 552 
—154 003 249 
一 345 016 543 
一 260 | 一 088 | 504 
一 050 | 一 169 | 139 
一 088 | 一 147 | 190 
一 054 | 一 227 | 100 
一 026 | 一 039 | 290 
一 090 | —116 | 303 
—060 004 | 225 
—140 | —169 187 
—091 | —082 124 
—018 193 261 
—076 | —089 339 
—142 | —164 338 
一 217 | —258 | 276 
—085 172 | 81 
—126 | —074 | 391 
一 098 151 | 296 
一 143 060 | 402 
一 075 | 一 143 | 233 
一 072 | —084 | 278 
一 243 | —207 | 372 
一 212 | 一 222 | 416 
一 299 | 一 151 | 490 

005 169 | 168 
一 030 295 | 193 
一 146 | 一 108 | 302 
-085 | 一 144 | 280 
—325 | 170 | 427 
一 278 | -160 | 508 
—116 | —231 | 176 
—079 | —114 | 281 
—920 | 083 | 431 
—074 088 | 191 
—342 127 | 464 
—314 | 106 | 9 
—306 069 | 413 
一 228 039 | 360 
一 153 152 | 330 
一 233 | 一 126 | 409 
一 308 025 | 450 

070 013 | 056 
—277 | —080 | 449 
—165 | —143 | 318 
—088 | —038 | 244 
—207 108 | 429 
一 297 | —077 | 471 
—259 019 | 432 
—045 | —096 | 044 
—227 | —208 | 468 

050 |—302 

050 020 

—302 020 
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Table 2 
Centroid Matriz Кс for Ten Faclors 
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Table 8 


Rotated Factorial Matriz V for Sixty-three Variables 


Test N т 5 4 M I 2 Хі Х: Хз 
.161|-.049| .043| .145 
—.119|—.008| .038| .350| 
.437| .038| .020| .004 
.105| .410|—.007|— .020 
.361|—.013| .084| .203 
.029| .393|—.039| .003 
.001| .197| .119| .060 
.007|—.059| .684|—.035|— 
.273| 一 .099| .201] .085 
.086| .060| 一 .057| .549 
.040| .145| 一 .029| .058 
164| .045| 一 .077| .285|— 
一 .024| .106|—.027| .275|— 
.141|—.005|—.042| .006|- 
.035|—.041| .056|—.059 
一 .036| .005| .036|—.038|— 
267|—.029| .157|—.063 
—.091| .011| .265| .081 
—.019|—.039| .153|—.032]— 
143|—.034| .019| .026 
—.057| .017| .115| .142 
—.026|—.003| .624| .045 
—.015| .579|—.046|—.009|— 
—.005| .590| .071|—.084|— 
028| .083|—.060| .094 
—.002| .026| .524| .017|- 
011| .528|—.023| .052|- 
一 .057| 一 .064 .215| .117 
.232| 一 .064| .249| .007 
222| .048| 一 .023| .010 
—.101|-.077| .151| .101 
1030] .287| .025|—.002)— 
1074| .125|—.019|— .044 
017] .042| .004] .062 
—.043| .042| .277| .012 
055] .021| .332|—.017|— 
“або .021| 一 .086| .018 
1075] .015] .008|—.066 
106|—.068|—.024|. 546 
—.059| .027| .029| .174 
— 043} .141| 一 .058| .003 
—.012| .605|—.013|— -062| — 
—.021| .099| .002| .403 
一 .095| 一 .044| .198| .127 
一 :063| .015| 一 .008| .679| 一 
一 :036| 一 .067| .054| .639| 一 
一 .016| 一 .028| .065| .590 
015|—.079| .068| .453 
258| 一 .079| .134| .162 
—:102| .518|—.037| .110| . 
一 :064| .030|—.053| .615|—. 
032| .085| .103| 一 .106| 
093| 一 .057| .202| 一 :036 
—'035| .577| .000| .023 
—.083| .509| 一 .042| 一 :005| 一 
:1409|—.051 | .179| .050| 一 
—:007|—.031| .016| .381|— 
.027| 一 .033| .154 .316 
078! .057] .1 ‚116 
080] .390|—.009 .005|— 
—:082| .050| .088|—.189|— 
`310|—.147| .199 .217|- 
114] .112| .036 176|- 
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Table 5 


Centroid Matriz Fe for Twenty-one Tests 


I п ІП IV У УІ уп VIII 
.51 —.27 | —.26 .11 | 一 .13 | -.09 | —.25 .10 | .5102 
.62 —.31 .12 .06 | —.16 .12| —.27 | —.07 | .6163 
.63 一 .09 | -.10 | —.09 | —.09 :08 | --.21 .17 | .5106 
.47 .28 -08 | -.14 | —.33 | —.17 .17 | —.10 | .5020 
.38 .06 .22 | —.14 | —.23 .10 | —.11 | -.17 | .3199 
.40 .19 .15 | 一 .19 | 一 .34 | 一 .28 .14 | 一 .07 | .4732 
.66 .40 Li .39 .22 | —.10 | 一 .09 .13 | .8432 
.69 .43 .12 .27 .23*| —.19 | 一 .09 .06 | .8490 
.70 .28 .26 ар .28 | —.10 | —.10 | —.08 | .8137 
.63 .26 | 一 .29 | 一 .31 .19 .04 | 一 .17 | 一 .10 | .7213 
.59 .22 | 一 .26 | 一 .34 .28 07 | —.03 | —.09 | .6465 
.53 29 | 一 .19 | 一 .19 .20 | 一 .15 | —.09 04 | .5094 
.48 一 .44 .29 | 一 .18 .16 16 .16 | 一 .08 | .6237 
.40 一 .50 .41 | -.25 zi 18 AL .08 | .7204 
.46 —.47 .42 | —.22 .12 12 .08 13 | .7094 
.57 —.26 | —.32 .19 | —.05 | —.23 .17 | —.12 | .6297 
.58 —.21 | —.42 21 | 一 .08 | 一 .24 .18 | 一 .08 | .7038 
.64 一 .21 | —.14 18 .04 03 .18 | 一 .13 | .5575 
.69 .13 | 一 .08 15 | 一 .15 29 .19 10 | .6746 
.65 .28 06 .21 | 一 .13 23 .08 .07 | .6042 
.65 .04 | —.16 .07 | —.10 26 09 .14 | .5599 

Table 6 
Rotated Factor Matriz У 

Р N w Y 8 M R Residual 

.42 .40 05| —.02| —.07| -.6| —.06 

145 17| 一 :06 4 120 105 102 

136 .09 19] —.02 05| -.01 .09 
一 :02 109 02 100 | 一 :05 .53 10 

20] 一 .10 02| —.02 10 .31 107 

.02 .13 —.03 .00 01 .58 —.04 

.00 .01 —.03 .66 —.08 -.05 .13 
一 .01 .02 05 .66 -.04 .02 .02 
-.01 .00 —.01 .67 15 .00 一 .01 

.12 一 .03 63 .03 —.02 .00 —.00 
—.02 —.05 61 —.01 08 —.01 .04 

104 8 45 18| -.08 103 | 一 .08 
一 .04 .05 03 一 .01 68 .00 .01 

02| 一 :06 01 | 一 :02 76 | 一 :02 | 一 .02 

.07 一 .03 一 .03 .03 72 .02 一 .03 

.01 .64 —.02 .01 05 .01 —.02 

.01 .67 01 一 .03 一 .05 .02 .02 
一 .05 .38 一 .01 .06 20 —.05 .16 
—.03 .08 03 .02 00 .02 .58 

102 | 一 :05 | —.08 ‘92 | -.08 05 144 

.06 .06 18| —.04 01| —.06 .42 
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